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ORGANIZATION 

This thesis entitled, "i-^Butyl Iodoxybenzene - An 
Effective Ozone Equivalent" consists of six parts, namely, 

A. Introduction, B. Background, C. Present work, D. Spectra, 

E. Experimental, and F. References. 

SUMMARY OF THE PRESENT WORK 

The genesis of the work reported in the present thesis 
arises from an analysis of reactions which, whilst allowed by 

i 

the Woodward-Hof fmann rules, do not take place. While these 
rules predict the allowedness or otherwise of a particular 
reaction, they do not specify whether kinetic or thermodynamic 
barriers would permit the occurrence of such a reaction. An 
analysis of a large variety of such reactions carried out in 
the present laboratory, some time ago, led to interest in the 
nitro group as a possible ozone equivalent. In complete con- 
trast to the high reactivity of ozone to n systems, the iso- 
electronic nitro group is inert to these functions. Varibus 
considerations have led to the conclusion that the exceptionally 
high heat of formation of ozone (+34 kcal mol *) is a major 
reason for its reactivity. This analysis also showed that the 
modest unfavourable activation energy associated with a hypo- 
thetical addition of nitrobenzene to 7t systems could be over- 
come by perturbation of this molecule with electron withdrawing 
substituents. A modest amount of success was obtained in the 
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study of variously perturbed nitrobenzene s as possible ozone 
equivalents. However, solubility and reactivity considera- 
tions set a limit towards the use of perturbed nitro aromatics 
as ozone equivalents and suggested that an equivalent but 
entirely different system, which could have enhanced reactivity 
should be explored. Iodoxybenzene, possessing a functional group 
that is isoelectronic to ozone and nitro group, can be expected 
to have a substantially positive heat of formation and addition- 
ally, the highly polarized 1-0 bond in this compound can be 
anticipated to reduce the kinetic activation energy barrier. In 
the event, iodoxybenzene turned out to be a reagent of promise 
and exhibited properties remarkably parallel to that of ozone. 

A severe drawback of iodoxybenzene utility was that it was prac- 

I 

tically insoluble in most solvents, thus preventing its wide use 
in chemical reactions. It was felt that this serious impediment 
could be overcome by attachment of hydrophobic residue to the 
aromatic moiety. Such investigations have led to the synthesis 

4 - ^ 

of 4- butyl iodoxybenzene and its demonstration as a practical 
and reliable ozone equivalent. The thrust of the present work 
is then to assess the utility of this reagent so that it could 
be used with confidence in organic synthetic operations. 

The title reagent, 4- t butyl iodoxybenzene (1)* was prepar- 
ed from t-butyl benzene via iodination with HIC^-^/ trans- 

*The numbers shown refer to those presented in the thesis. 
Sections C and E. 
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formation to 4- t butylbenzene iodinedichloride D) with Cl 2 and 
treatment with elements of H0C1. 

Thus, 4- t butyl iodoxybenzene can be prepared in excellent 
yields from readily available materials. It is a stable com- 
pound and its solubility compared to the parent is substantial. 
The estimated solubility of (l_) in hot benzene, chlorobenzene 
and nitrobenzene are respectively 0.2%, 6% and 9%. 

In the present work, 4- t butyl iodoxybenzene (_1) has been 
demonstrated to be an excellent oxygen transfer reagent in the 
sense that the reaction of (jl) with various substrates leads to 
nearly total recovery of 4- t butyl iodobenzene (2) , which could 
be recycled. The transformations brought about with 4-tbutyl 
iodoxybenzene are clean, the products readily isolable and the 
resulting (2_) effectively recycled. 

The present work has shown that the reaction profile of 
(l_) could be understood in terms of five broad types. 

In Type I reactions, reagent (jj shows a profile remark- 
ably similar to that of ozone, namely the cleavage of 71 bonds 
to carbonyl compound. The following transformations have been 
carried out to illustrate the potential of (.1) as an ozone 
equivalents biscyclohexylidine — > cyclohexanone (59%), E-stilbene 
— > benzaldehyde (67%) + benzil (20%), 9-benzylidinef luorene — > 
fluorenone (50%) + benzaldehyde (45%), diphenyl acetylene — > 
benzil (66%) and camphene — > camphenilinone (50%) . 
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Type II reactions brought about by (l) involve the effec- 
tive transformations of Ji systems possessing vicinal hydrogens 
to 1,2-diketones. An excellent example of this is the trans- 
formation of phenanthrene to phenanthrenequinone in excellent 
yield. 

Type III reactions brought about by reagent (1_) are initi- 
ated by an electrophilic attack of the reagent at peripositions 
of condensed aromatic systems, eventually leading to quinones. 
This aspect has been illustrated with the transformation of 
anthracene — » anthraquinone in 59% yield. 

Type IV reactions of (JL) are also similar to that of 
ozone, namely the proclivity to insert into aralkyl C-H bonds. 
This has been taken advantage of, in the illustration of a 
practical and convenient route to a-tetralone by reaction 
with ( 1_) . 

. To type V, reactions belong the transformation of aromatic 
amines to azo compounds in good yields. This aspect has been 
illustrated in the present work primarily with the aniline — » 
azo benzene conversion. Aralkyl amines interestingly are oxi- 
dized to aldehydes and as illustrated with a transformation of 
benzyl amine to benz aldehyde. 

The scope of reagent (jl) in bringing about oxidative 
transformations of coded a-amino acids side chains have been 
examined with the objective of utilizing this reagent to bring 
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about the side specific and group specific transformations of 
such side chains in amino acids and proteins. 

N-Benzoyl-L-methionine methyl ester (4) on treatment with 
reagent (1_) gave a multitude of products# which were carefully 
separated and their structures established. This reaction gave 
the expected sulfone (5, 29 %), sulfoxide (6, 36%) and, in addi- 
tion, the sulfenic acid (7, 11%), its methyl ester (9, 12%) 
and N-benzoyl-L-aspartic acid dimethyl ester (8, 7%) . It is 
envisaged that the primary pathway is the transformation ofOO 
to the sulfone (5^ and sulfoxide (6) by oxygen transfer from 
the reagent (. 1 ) . The sulfoxide (_6) is transformed to the 
sulfenic acid ( 7 ) by a Type III reaction of reagent ( 1_) . The 
formation of aspartic acid is rationalized again on the basis 
of type III reaction brought about with 1 followed by a loss of 
elements of MeSC^H. 

The smooth transformation of N-benzyloxycarbonyl-L-methio- 
nine methyl ester (13) to the corresponding sulfone (^14, 57%) 
illustrate the preferential oxidation of the sulfur to the 
aromatic moiety that is present as the protecting group. Surpri- 
singly the reaction also afforded benzylcarbamate (13, 36%) 
arising from elimination. 

The dipeptide N-benzyloxycarbonyl glycyl-L-methionine 
methyl ester (1/7) gave the sulfone (18, 26%) and the sulfoxide 
(19, 42%) , on treatment with (l) , thus showing that the peptide 
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linkage is not affected in oxidations mediated with reagent (1) . 

N-Benzyloxycarbonyl-S-benzyl-L-cysteine methyl ester (20) 
on treatment with (_l) gave the sulfone (21 18%) and the sulfoxide 
(22, 30%). -In addition, the azlactone (23_) arising from the 
sulfoxide (22^ was isolated in 8% yields. 

A surprising observation was the efficiency with which 
the reagent (jL) transformed N-benzoyl-L- serine methyl ester 
(25) to the corresponding dehydro alanine ( 26 ) in 55% yields. 
Blank reactions showed that the elimination is effected' by inter- 
action with Q) . The reaction also gave the alternate product of 
elimination, namely benzamide. The formation of (26^ as well as 
benzamide could be understood in terms Of eliminations proceed- 
ing through six member ed transition state from the primary 
adduct of (2_5) with (1^) . 

The transformation of N-benzoyl-L-phenylalanine methyl 
ester ( 21 ) to N-benzoyl-L-aspartic acid dimethyl ester (8) in 
14% yield is significant in the sense that it not only demons- 
trates the ability of reagent (l) like ozone to oxidise aromatic 
rings to a carboxyl unit, but also that in such systems the 
phenyl of the benzoyl protecting group does not suffer reaction 
with ( JL) . 

N-Benzyloxycarbonyl-L-histidine methyl ester (28.) on 
treatment with 1 gave as the substantial product N-benzyloxy- 
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The formation of (2_9) can be understood in terms of hydroxyl- 
ation of the 4 position of the imidazole moiety present in (28) 
followed by prototropic shifts and hydrolytic cleavage. 

A remarkable and practical reaction encountered in the 
present work was the transformation of N-benzoyl-L- tryptophan 
methyl ester (30) to the corresponding Kynurenine (3JL) in 70% 
yields. In this reaction the reagent (_i) behaves precisely as 
ozone and with greater effectiveness. 

N- Benzoyl -L-proline methyl ester (32) is oxidized to a 
pyroglutamic acid, the latter as expected, under conditions of 
workup, undergoes hydrolysis leading to N-benzoylglutamic acid 
a -methyl ester. This method could be further developed into 
useful procedure for changing the conformations of peptides 
via oxidation of proline residues to glutamic acids. 

In addition, the reaction of 1 with unprotected amino 
acids such as phenylalanine methyl ester and tryptophan methyl 
ester were examined. These reactions gave unusual oxidation 
products . 

Related to the present work is the development of a very 
effective method for the preparation of 2-nitroethyl phenyl 
sulfoxide (£1) a recognized reagent for the efficient genera- 
tion of nitroethylene via a Cope type of elimination. In the 
present work not only the reagent (£) has been effectively used 
in oxidation of 2-nitroethyl phenyl sulfide (42) to (41) without 



xiii 


effecting other functionalities but also the preparation of 
compound (42) was achieved in a novel manner from 2-bromo 
ethyl phenyl sulfide (£3) with sodium nitrite in DMSO/ thus 
obviating the use of nitromethane, hitherto invariably used for 
the preparation of nitroethylene, since, procedures starting 
from nitromethane are hazardous and poorly efficient. The 
procedure for the preparation of the transfer reagent 2-nitro- 
ethyl phenyl sulfoxide (£1) was developed as a result of studies 
of the reaction of 2-bromoethyl phenyl sulfide (43) and 2-chloro- 
ethyl phenyl sulfide (£5) with sodium nitrite and silver nitrite 
under various reaction conditions. While sodium nitrite in DMF 
or DMSO yielded, only the desired nitrocompound (££) , the 
reagent silver nitrite gave a mixture of (42) and the corres- 
ponding nitrite (££) . 
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A . INTRODUCTION 


The thesis entitled/ "-l-^butyl iodoxybenzene - an 
effective ozone equivalent"/ has its focus/ the preparation 
and study of the range of utility and applications of 'l-^butyl 
iodoxybenzene. In the recent years, there has been a justi- 
fiable resurgence of interest in hypervalent iodine compounds 
and their utility as reagents of choice for bringing about a 
variety of transformation is being increasingly recognised. 

It was felt that a brief summary pertaining to the reactions 
of hypervalent iodine compounds would form an appropriate 
background to the present work. Such a review is presented 
in the following section. 
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B. BACKGROUND 

Excellent reviews have appeared recently outlining the 
properties of hypervalent iodine compounds . 1 The summary 
presented in this section endevours to present/ in one place, 
an account of the reactions of the hypervalent iodine compounds, 
namely, phenyl iododichloride, diacetoxy iodobenzene, iodoso- 
benzene and iodoxy benzene. This account is designed to pro- 
vide a profile of such reagents and woiild be a supplement to 
the reviews referred to above. 

I . Reactions of Phenyl iododichloride 

The most characteristic property of phenyl iododichlo- 
ride, which can be easily prepared by reaction of iodobenzene 
with chlorine, is its ability to perform as an excellent chlo- 
rine transfer reagent. This is readily apparent from TABLE B.l, 
which outlines the reactivity of this reagent to diverse types 
of olefinic functions resulting in the net transfer of both 
the chlorines . 1 As could be expected, the addition is trans . 
The chlorine transfer could be understood as taking place in 
two steps, the primary one being the transfer of elements of 

X 

Cl to the n system to form a chloronium type intermediate, 
which would then undergo opening with Cl , supplied by the 
reagent (CHART B.l). 


TABLE B.1 
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REACTION TYPE 



Y 


X Y Z Ref. 


R 'R 

R = alkyl, aryl 


R-C = C-R' 

A. c ^ch 2 

l 

ch 3 




Y 


Y 


Y 


Y 

Y 



R \ / Cl R \ / R 
>C=C< + >C = C< 

' N R' C V Cl 


Cl 



ci-ch 2 ch 2 ch 


^ch 3 

^C^CI 


1 


2 


3 


4 


S 



COOH 


COOH 


CONTD. 
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The intermediacy of the chloronium ion in chlorine transfer 
from phenyl iododichloride is best supported by reaction of 
2-cyclopropyl propene. In this case, the cyclopropane rupture 
is a result of interaction with the chloronium ion intermedi- 

s 

ate, ultimately leading to the expected rearranged product. 

As shown in TABLE B.l, a variety of olefins readily 

undergo reaction with PhICl 2 leading to the dichloro systems. 

As could be expected, in the case of strained n systems such 

as those present in acenaphthylene and bicyclo[2.2.l]heptene, 

1 6—.P 

both the cis and the trans dichloro compounds are obtained. ' 

The intermediacy of a chloronium ion becomes apparent in the 
reaction of this reagent with bicyclo[2 . 2 . ljheptene leading to 
the formation of the expected rearranged product and the chloro- 
tricycline. 1 , An interesting aspect of phenyl iododichloride is 
that acetylenes react with this reagent leading to the trans- 
as well as cis-dichloro olefins. It appears that these pro- 
ducts are resistant to further addition of halogen by the 
reagent. ** 4 

An important reaction of phenyl iododichloride that has 
been taken advantage of in organic synthesis ( vide infra ) , is 
the monochlorination of hydrocarbon substrates. This is illus- 
trated in TABLE B.2. Thus, cyclohexane, 2 , 3-dimethylbutane 
and 3-methylpentane undergo monohalogenation on treatment with 

the reagent under photochemical conditions. However, whilst 

10 

in the case of cyclohexane and 2, 3-methyl-n-butane the 
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Y/h\> 


HL .Cl 


/CH-CH^ 


-Y,hV/B(C 6 H 13 ) 3 


Me I Me 

PCH-CQ 
Me Me 


h 5 c 2 -ch-c 2 h 5 

CH 3 


ch 3 

H 5 ? 2 “*f“ c 2 H 5 

Cl 


HgC 2 — CH — CH — CH 3 


11 
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chlorination takes place in the expected manner without re- 

« 

arrangement, in the case of 3-methylpentane the reaction is 

not so selective leading to halogenation of the tertiary as 

well as the secondary carbon atoms. 11 An interesting aspect 

of this halogenation is that it has been found that tri-rn-hex- 

11 

ylborane promotes this reaction. The overall process could 
be envisaged as taking place precisely along the lines of the 
radical chlorination. Under photochemical conditions, the 
reagent breaks down to PhICl’ and Cl*. • The Cl* then abstracts 
a hydrogen from substrate and resulting C* interacts with 
PhICl* leading to the product (CHART B.2). 

The tertiary halide arising from primary halogenation 

involving PhICl 2 under photochemical conditions could be 

transformed to the olefins via elimination of the halogen, 

either with Ag + or nucleophiles. This aspect has been taken 

12 

advantage of for the synthesis of steroidal olefins. Of 
particular interest, is the ingenious application of halo- 
genation with PhICl 2 followed by elimination for remote func- 
tionalization at predetermined sites via tailor made reagents. 
This aspect is illustrated in TABLE B.3, which shows that the 
placement of the reagent using the 3-hydroxyl handle could 
lead to preferential formation of the desired n bond in the 
steroidal framework 

Secondary alcohols are transformed to ketones using 

15 

phenyl iododichloride in presence of a base. This trans- 
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TABLE B.3 
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REACTION TYPE 
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formation can be best rationalised on the basis of initial 
displacement of Cl** from the reagent leading to a substrate 
reagent intermediate which collapses to, in the presence of 
base, the ketone and iodobenzene (CHART B.3, TABLE B.4). 

An interesting transformation mediated by phenyl iodo- 

41 

dichloride is the transformation of benzoin to benzil. In 
this case, the benzoin was treated with two equivalents of 
sodium hydride. The formation of benzil under these conditions 
can be best explained as shown in CHART B.4. Finally, the 
reaction of phenyl iododichloride with some unusual substrates 
are listed In TABLE B.5. 

II. Reactions of Iodosobenzene 

Today, amongst the hypervalent iodine compounds, iodoso- 
benzene has stood out as a very versatile reagent, in the sense 
that this reagent has been demonstrated to bring about effi- 
ciently a variety of transformations. These are presented 
below. 

The transformation of diverse n systems to their oxides 
with iodosobenzene, perhaps is the well studied reaction of 
this reagent. The reaction can be considered as taking place 
via interaction of the it system with the iodosyl oxygen follow- 
ed by collapse to iodobenzene and the epoxide (CHART B.5). The 
epoxidation is generally promoted by iron porphyrins; although 
manganese porphyrins and copper salts have been effectively 
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REACTION TYPE 

X 


+ 



/ 


Cl 


V 


Cl 


py 


-► z 


x 


z 


R 

R 


1 H 

N C / 

*/ C \ 0 H 




c=o 


Ref. 


15 


5 ot — chol«stan — 3c*-ol 


5ad-chol6stan-3-one 15 


TABLE B.5 


REACTION TYPE 

* + 0< 


X Y 

z 

R«f . 

/ Rl 

(Ph) 3 P =C<^ 2 Y, OH" 

R 

r’-ch-r 2 

1 

16 


Cl 


R’= alkyl 

R 2 = acy 1 



c i 8 

CI-CH=C-C-CH=N2 y 

Cl o 

1 II 

CI-CH=C-C-CHCI 2 

17 

9 V c ,' 8 t|2 v 

CI 2 C = C-C=C-C-C-COOCH 3 

S' c j| c ,' 

CloC = C— C 

>° 

17 


CI 2 C X 

X C00CH 3 


COOH 

COOH 


a 0H v 

ir 0H 

18 


Cr 5 *^ 




CHART B.3 


12 




13 


19-21 

used. The Interaction of the n system with these reagents 

would perhaps facilitate the epoxidation. A wide range of 
compounds have been transformed to their oxides so that this 
reaction could be used with confidence for the preparation of 
epoxides (TABLE B.6). An interesting illustration is the react- 
ion of iodosobenzene with cis- and trans- stil bene s in the pre- 
sence of iron porphyrins. The cis stilbene formed selectively 

the cis —oxide whereas the trans stilbene was inert to this 
22 

reagent. In some cases, the initially formed epoxide could 

undergo rearrangement as illustrated with 2,4-di t butyl cyclo- 
2 6 

pentadienone. In this case, the rearranged lactone is also 
obtained which is rationalized in CHART B.6. 

An interesting reaction of iodoso-benzene is the effi- 
cient formation of cyclic ethers from allyl trimethyl si lyl 

systems that carry an w -hydroxyl function at the 2 position 

27 28 

of the allyl unit ' (TABLE B.7). This reaction, which is 
quite useful, can be understood in terms of pathways indicated 
in CHART B.7. 

Interesting variations of the cyclization has been real- 
ized via trimethyl germanes, as well as the utilization of 

28 

carboxyl group leading to lactones. An unusual reaction of 
iodosobenzene is its ability to bring about the transformation 
of a variety of ketenes to cc-lactones (TABLE B.8). The reaction 
could be envisaged as taking place via the attachment of the 
iodosyl oxygen, to the terminal carbon of the ketene functional 
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REACTION TYPE 



X 

Y 

Z 

Ref. 

0 

Y, Fe-Perphyrins 

o° 

19 

X 


'b 

19 

Ph-CH=CH-Ph 

Y, FeCI 3 

Ph-CH-CH-Ph 

20 

Ph-CH»CH 2 

1# 

Ph-CH-CH 2 

20 

Ph H 

/ C=C \ 

H >h 

Y, Cu (N0 3 ) 2 

Ph \ A / H 

X 

H Ph 

21 

Pb Ph 

> = < 

H H 

n 

Ph A Ph 
H>-<H 

21 

0 

n 

o 

21 

Me Me 

> = C ( 

Me Me 

n 

0 Me 

M ^ Me 

Q 

21 

CH 3 CH 2 CH 2 CH 2 CH 

=ch 2 

ch 3 ch 2 ch 2 ch 2 (5h-ch 2 

0H 

21 

o 

Yj Fe-Porphine 
Complexes 

O + U 

22 

0 

M 

o° 

22 

V 

II 

Q. 

n 

Ph x A / h 

a a h 

22 



CONTD. 




REACTION TYPE (CONTD.) 


TABLE B.6 
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X 


Y 


z 


Ref. 


%_c /H 

Ph — CH=CH 2 


Y, Fe-Porphine complexes Inert [ No Rexn.J 

/°\ 

Ph-CH-CH 2 


Y, Fe or Mn-Tetraaryl 
Porphyrins 


PhO-CH 2 (CH 2 ) 3 CH=CH 2 " 

CH 3 (CH 2 )3 CH= CH 2 » 


U 

PhO~CH 2 (CH 2 ) 3 CH— tH- 
CH 3 (CH 2 ) 3 C:’H-CH 2 


22 

23 

23 

23 


CH 3 (CH 2 ) 3 CH=CH 2 » 


CH 3 (CH 2 ) 2 CH»CH-CH 2 OH 23 


CH 3 (CH 2 ) 3 CH=CH 2 

n 

ch 3 (ch 2 ) 3 ch 2 cho 

CH 3 (CH 2 ) 6 CH=CH 2 

t 

/K 

Y, Porphyrin Fe-complexes CH 3 (CH 2 ) 0 CH— CH 2 

K 

ch 

Y, Cr 


NC CN 

\ = c / 

/ \ 

NC CN 

Y 

NC 0 C N 

NC 7 \n 

XMe 3 

Y, TPPMndIDCI 

HP 0 + 


^CMe 3 


23 

20 

24 

25 


26 
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REACTION TYPE 


X 


+ 



BF 3 — Et20 


*■ z 


x 


z 


Ref. 


Me 3 SiCH 2 C 




ch 2 


* 


CHROH 


R 



(CH 2 ) 2 


27 


R * hexyl, heptyl 


^ CH 2 


MeoSiCHoC' 

A 

HOOu uH 2 Ph 
^CH 2 

MeoSi CH 2 Q; 

HO CH 2 CH 2 Ph 


Me 3 SiCH 2 C 


,* CH 2 


HO X (CH 2 ) q HC=CH 2 


Me 3 GeCH 2 C 


.<^ CH 2 


HO CH 2 CH 2 Ph 



28 


28 


h 2 c«=ch-(ch 2 ) 7 -ch 2 


A 


CH2 28 


Ph CH 2 CH 2 
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TABLE B.8 


REACTION TYPE 





CHART B.6 
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CHART B.8 




+ 


Phi 


0 
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25 

group, which undoubtedly is facilitated by contribution from 
the ketene carbonyl as envisaged in CHART B.8. Thus, the mecha- 
nism is very close to that for the epoxidation of olefins. 

Phenols, secondary alcohols and primary alcohols are readily 

29 

oxidized with iodosobenzene to the corresponding aldehydes. 

The reaction is particularly useful in the transformation of 
either 1,2- or 1,4-dihydroxy aromatic systems to the corres- 
ponding quinones (TABLE B.9). 30 ' 3 * The transformation to the 
carbonyl compounds is envisaged as presented in CHART B.9. 

The aldehydes, in turn, are transformed to carboxylic 

acids in the presence of ruthenium triphenylphosphine complex- 
29 32 

es ' (TABLE B.10). This transformation is rationalized in 

CHART B.10. An interesting fragmentation of the cyclohexyl 

system takes place via tertiary hydroxyl and facilated by an 

68 

appropriately substituted tri-n-butyl tin functional group 
(CHART B.ll) . 

A variety of acetylenic groupings are transformed to the 

33 34 

1,2-diketones with iodoxybenzene (TABLE B.ll). ' This reac- 
tion can be readily understood in terms of the mechanistic 
squences presented in CHART B.12, which finds much support 
that even enamines and enol ethers, readily undergo this trans- 
formation (CHART B.12). An expected but reliable transforma- 
tion is the formation of sulphoxides from sulfides with iodosyl 
32 35 

benzene. ' It appears that in every case the oxidation 
stops at the sulphoxide stage (TABLE B.12). A very useful 



REACTION TYPE 


TABLE B.9 
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X 

Y 

. z 

Ref. 

rch 2 oh 

R = aromatic, 

Y, Ru(PPh 3 ) 3 CI 2 

RCHO 

29 

aliphatic, 
alicyclic , 
terpenoid 




CH 3 (CH 2 ) 7 OH 

I J 

ch 3 (ch 2 ) 6 cho 

29 



+ 




ch 3 (ch 2 ) 6 cooh 


a 0H 

J) 

a 0 

29 

Alcohals 

Y, Chlorotetra - 

Aldehydes, or Ketons 

24 


phenylporphinato CrIII 


^^ch 2 oh 

ex 

Y, Cr / Fe 

Ct cho 

30 

^OH 

// 

OHC-CHO 

30 

^OH 


0 


oa OH 


a>° 

30 

OH 


s 


rrS 

Y 

(fYj) 

31 





OH 


0 


QH 

Me J^Me 


M8 sJ v Me 



>x 

31 

OH 


0 


a 'CC 0H 

V^Njh 

n 

o 

ft 

31 
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TABLE B.10 


REACTION TYPE 
X + 



Ru(PPh 3 ) 2 CI 2 


Z 


X 

z 

Ref. 

RCH 0 

R COO H 

29 

ch 3 (ch 2 ) 6 cho 

CH 3 (CH 2 ) 6 COOH 

29 

rch 2 oh 

RCHO + RCOOH 

32 


! 
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TABLE B.11 


REACTION TYPE 



X 

Y 

z 

Ref. 

R = 0 Et 

Y, RuCI 2 (PPh 3 ) 3 

Ph-S- 5 -OEt 

33 

R-) = Ph 




R == NEt 2 

i) 

0 0 p* 

II II / Et 

Ph— C-C-N^ 

33 

Rl = Ph 


^Et 




0 0 




II II 

34 

R = R 1 = Ph 

Jt 

Ph-C-C-Ph 



0 0 


R = C5H11 

Rl * Ph 

)} 

II II 

Ph-C-C-CgH^ 

34 



0 0 


R = Me 

R] = Ph 

n 

Ph-H-i-Me 

34 

R = Et 

j) 

8 8 

Me-C-C-Et 

34 

R'j as Me 


O 0 


r = or 2 

Y, Ru 

Rl -S-C-OR2 

34 

/ r 2 
r = n; 

Xr 2 


0 0 D 

II II / r 2 

r c-c-n; 

Xr 2 

33 


a 
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REACTION TYPE 



A 

B 

C 

Ref. 

R-S-R 1 

X = N02 , 

0" 

1 , 

R-S — R 1 

32 

R - S - R 1 

RuCl 2 (PPh 3 ) 2 

X = OMe, 

4 

R — S0 2 —R 1 

32 

R= R 1 

RuCl 2 (PPh 3 ) 2 

X =H, Metallo- 

„x. 

4. 

35 

R = R 1 = CH 2 Ph 

Porphyrin chloride 

11 

O' 

PhCH 2 — i-CH 2 PI\ 

35 

R = R 1 = Bu 

11 

r 

Bu — S — Bu 

35 

R = r!= C 2 H 5 

11 

+ 

h 5 C 2 — f “ C 2 H 5 

35 

R 5s R 1 =CMe 3 

11 

? 

Me 3 C — S-CMe 3 

35 

R=R 1 =Ph 

#1 

?~ 

Ph-S-Ph 

4- 

35 


CONTD. 


REACTION TYPE (CONI 

s 

X + 

TABLE B.12 

rp.) 

/ 7 ~^ V — n ^ ~f 

24 

Y , ^ tt 

^ 4. 

X 

Y 

Z 

Ref. 

0- S -L M . 

«<yo 

R-S- Ri 

Y, Metallo - 

Porphyrin chloride 

Y,Cr 

1 

0" 

ci -O h O*-°' 

R — Ri 

35 

35 

30 


TABLE B.13 


REACTION TYPE 




RCONH 2 + 

O~ i=o 

-► rnh 2 

, 

R 



Ref. 

— Panty 1 



36 

— CH 2 CHMe 2 



36 

-CM83 



36 

-CH 2 CH 2 Ph 



36 

-CH 2 Ph 



36 

-H2 c -^^-°Ma 



36 

-o' 



36 
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+ Phi + H 2 0 


CHART B.10 



CHART B.11 


HO. Ph 



0 

Ph-r = o ii 

► Ph — • C-(CH 2 ) 3 CH 

BF 3 -Et 2 0 


SnBu 3 
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reaction that has already found wide applicability is the 

ability of iodoxybenzene to bring about the degradation of 

36 

primary amides to primary amines. The experimental com- 
plexities associated with the usual Hoffmann degradation with 
hypobromite can be very easily overcome with this reagent. The 
reaction is usually done in the presence of pyridine and tri- 
fluoroacetic acid. The overall process/ rationalized in 
CHART B. 13 envisages the prior nucleophilic addition to the 
iodosyl benzene forming the nitrogen- iodine bond. The alter- 
nate possibility/ namely, the attack of the nitrogen at the 
oxygen end of iodoxy benzene is unlikely, particularly because 
even diace.toxy or ditrif luoroacetoxy iodobenzenes also undergo 
this reaction ( vide infra ) (TABLE B.13/ CHART B.13). 

A related, but extremely unusual reaction, is the trans- 
formation of heterocyclic systems of the type presented in 

CHART B.14 with iodosylbenzene in which the aromatic moiety 

37 

as well as iodine, are incorporated in the substrate. This 

extraordinary reaction is envisaged as taking place via initial 

acceptance of iodoxybenzene, formation of the conjugate base, 

fragmentation involving the rupture of the phenyl iodine bond 

with concomittant phenyl transfer to the oxygen (CHART B.14). 

Terminal acetylenes can be transformed to the corresponding 

carboxylic acids with loss of carbon usincf iodosobenzene in the 

34 

presence of triphenyl phosphine ruthenium dichloride. It may 
be recalled that these conditions were used for the trans- 
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formation of disubstituted acetylenes to 1, 2-dicarbonyl com- 
pounds. Consequently, the overall change can be understood 
in terms of formation of an a-keto aldehyde which is further 
oxidised to the carboxylic acid with loss of a carbon 
(TABLE B.15). Finally, some other transformations brought 
about by iodosobenzene are summarized in TABLE B.16. 

III . Reactions of Phenyl Iodosoacetates 

Both Phl(0Ac)2 and PhlCocoCF^^ have became very import- 
ant reagents in the sense that they are widely used for the 
transformation of amide functions to amines. 

The pathway by which this transformation takes place 
is presented in CHART B.15. 

A reliable transformation mediated by phenyl iodoso- 

acetate is the transformation of a variety of amines to the 

39 

corresponding azo compounds (TABLE B.17). The formation of 

40 

benzofuran oxides from o-nitroanilines can best be explain- 
ed on the basis of nitrene intermediates. 

IV. Reactions of Iodoxybenzene 

Till our investigations relating to iodoxybenzene and 
related compounds as possible ozone equivalents, the applica- 
tion of this reagent was largely confined to oxidation of 
aromatic hydroxyl groupings as illustrated in TABLE B-. 18. 



TABLE B.14 
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REACTION TYPE 



X 

Ref. 

-o- 

37 

-NH- 

37 

— N Ph — 

37 



C 5 H 11 


34 



TABLE B.16 

REACTION TYPE 
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X 

Y 

Z 

Ref. 

a 0 

Y 

<5" 

25 

RC H = C = 0 

Y 

0 

R-C-COOH 

25 

R-CH 3 

Y, Fe- Porphine 
Complexes 

rch 2 oh 

22 

0 

ft 

Cr 0H 

22 


Hydrocarbons Y, Chlorotetra- Epoxides 4 - Alcohols 24 

Phenylporphinato Crin 


Camphor 


Y, Cytochrome P450 5 - exo- hydroxylation 

of camphor 38 
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REACTION TYPE 


R-NH 2 + <^~\-I<^° AC ► R — N = N — R 

\=/ ^OAc 


R 


Ref. 



39 

39 


39 


39 

39 


39 


39 

39 


39 


39 


CONTD. 
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REACTION TYPE (CONTD.) 
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R 


Ref. 



X = Me, Cl, OMe 
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REACTION TYPE 


X 


+ 



*• Z 


X 


Z 


Ref. 
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0 Ph 0 
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The transformation of aromatic dihydroxy compounds to quino- 
31 

nes and similar oxidations of related systems can be best 
understood on the basis of phenyl iodoxybenzene as a hydride 
acceptor (CHART B.16). The formation of naphthaquinone from 

41 

a-naphthol can also be understood in terms of initial oxida- 
tion followed by decomposition of the intermediate, leading to 
product and iodobenzene (CHART B.16). In addition to these, 
there were examples where iodoxybenzene was demonstrated to 
oxidise sulfides. 

Recent work from these laboratories have shown that iodo- 
xybenzene could behave in a manner that resembles ozone. Thus, 

diphenylacetylene gives benzil and 1, 1, 4, 4-tetraphenyl-l, 3-buta 

41 ' 

diene leads to the formation of benzophenone (TABLE B.19). It 
is also shown that the condensed aromatic systems phenanthrene, 
acenaphthalene and pyrenes lead to formation of quinones in 
attractive yields 41 (TABLE B.20) . Like ozone, iodoxybenzene 
reacts with aralkyl groupings leading to ketonic products 
arising from insertion to the active C-H bond. This aspect 
has been illustrated in TABLE B.21. Present work confirm our 
findings related to the ability of iodoxybenzene to cleave 
jt systems to carbonyl compounds. Another unexploited trans- 
formation of iodoxybenzene is the ready transformation of this 

f 

reagent to iodosodiacetate and iodotetraacetates on treatment 

43 44 

with various acid anhydrides. ' It is possible that these 
compounds would have properties that are parallel to the 
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TABLE B.21 


REACTION TYPE 
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TABLE B.22 

REACTION TYPE 


RCOOH + 

O“ I0 2 ^^-IOtO-CR ) 2 

R 

Ref. 

-ch 3 

43 

-cf 3 

43 

— C 3 H 7 

43 

1 

TABLE B.23 

REACTION TYPE 


(RC0) 2 0 + 

O 10 , ► I (0-CR ) 4 

R 

Ref. 

-cf 3 

44 


" C 3 F 7 


44 


iodosobenzene acetates (TABLE B.22) 


The following section outlining the present work concerns 
itself with the investigation of the potential of iodoxybenzene 
A major draw back relating to the use of iodoxybenzene is its 
very high insolubility in practically all solvents, thus limit- 
ing its utility in chemical transformations. This problem has 
been overcome to some extent by attaching a hydrophobic residue 
making it readily soluble in chlorobenzene and nitrobenzene. 

The hypervalent iodine compounds would continue to 
attract investigation, because of their potential in transfer 
reactions. The brief account that has been presented in this 
section would hopefully illustrate this point. 
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C. PRESENT WORK 

The genesis of the present work arises from an analysis 
of reactions which, whilst allowed by the Woodward-Hof fmann 
rules, do not take place. While these rules predict the 
allowedness or otherwise of a particular reaction, they do 
not specify whether kinetic or thermodynamic barriers would 
permit the occurrence of such a reaction. An analysis of a 
large variety of such reactions carried out in the present 
laboratory, some time ago, led to interest in the nitro group 
as a possible ozone equivalent. In complete contrast to the 
high reactivity of ozone to tc systems, the isoelectronic nitro 
group is inert to these functions. Various considerations 
have led to th,e conclusion that the exceptionally high heat 

_ i 

of formation of ozone (+34 kcal mol ) is a major reason for 
its reactivity. This analysis also showed that the modest 
unfavourable activation energy associated with a hypothetical 
addition of nitrobenzene to tt systems could be overcome by per- 
turbation of this molecule with electron withdrawing substi- 
tuents. A modest amount of success was obtained in the study 
of variously perturbed nitrobenzenes as possible ozone equiva- 
lents. However, solubility and reactivity considerations set 
a limit towards the use of perturbed nitro- aromatics as ozone 
equivalents and suggested that an equivalent, but entirely 
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different, system, which could have enhanced reactivity should 
be explored. This led to the logical identification of iodoxy- 
benzene. Iodoxybenzene, possessing a functional group that 
is isoelec tronic to ozone and the nitro group, can be expected 
to have a substantially positive heat of formation and addi- 
tionally, the highly polarized 1-0 bond in this compound can be 
anticipated to reduce the kinetic activation energy barrier. 

In the event, iodoxybenzene turned out to be a reagent of promise 

4 1 

and exhibited properties remarkably parallel to that of ozone. 

A severe drawback of iodoxybenzene utility was that it was prac- 
tically insoluble in most solvents, thus preventing its wide 
use in chemical reactions. It was felt that this serious impedi- 
ment could be overcome by attachment of hydrophobic residues to 
the aromatic moiety. Such investigations have led to the syn- 
thesis of 4- t butyl iodoxybenzene and its demonstration as a 
practical and reliable ozone equivalent. The thrust of the 
present work is then to assess the utility of this reagent so 
that it could be used with confidence in organic synthetic 
operations. 

The preparation of title reagent, 4- t -Butyl iodoxybenzene 
( , is outlined in CHART C.l. The reaction of benzene with 
t-butyl chloride under Friedel Craft's conditions gave 46% of 

t-butyl benzene which on reaction with iodic acid in the 

' t ' 

presence of iodine in aqueous medium at reflux gave 4- butyl 

iodobenzene (2) in more than 70% yields. Compound (2), in turn, , 
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on treatment with dry chlorine under ice-salt conditions, gave, 
the novel 4- t butyl iodobenzene dichloride (3), mp 84°' which was 
found as a stable compound and soluble in solvents such as 
chloroform and benzene. The utility of 4-tbutyl iodobenzene 
dichloride (3^) as a reagent has also been investigated in the 
present work ( vide infra ) . . The reactions of 4- t butyl iodo- 
benzene dichloride (3) with NaOCl in acetic acid under very 
carefully controlled conditions gave 4- t butyl iodoxybenzene in 
85% yield. 4- t Butyl iodoxybenzene (1_) is a stable and crys- 
talline compound, mp 217-221° which on melting, demonstrated 
violent decomposition. However, during numerous oxidations with 
( JL) , no explosion or mishaps occurred. The estimated solubility 
of (_l) in hot benzene, chlorobenzene and nitrobenzene are res- 
pectively 0.2%, 6% and 9%. These values should be compared to 
the practical insolubility of the parent iodoxybenzene in these 
solvents. 


It mp 

ir 

2s bp 

ir 


s 217-221°C (explodes l ) 

: v (KBr) cm" 1 : 1620,- 1490, 1470, 825, 550. 
max 

: 1 1 4°C/0 . 0 5 torr . 

: v (neat) cm 1 : 1500, 1400, 1370, 1270, 820, 


720. 

: 6. (CCl 4 ), 60 MHz: 1.3 (s, 9 H, tert-butyl), 7.03 

(d, J = 8 Hz, 2 H, aromatic), 7.52 (d, J = 8 Hz , 
2 H, aromatic). 


nmr 


CHART C.1 
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/T^S H-Ct/Anhyd.AIC^ HI0 3 /I 2 

\— / ^— / ch 3 co 2 h/h 2 o / 

2 (71 %) 


Dry Hexane/ 
Dry Cl 2 


3 (97%) 1 (86%) 

/>/ A/ 


CHART C.2 



3 

A/ 



97% 



Olefins 

acetylene 

phenanthrene 

anthracene 

tetralin 



2X Carbonyl 

1,2-dicarbonyl 

phenanthraquinone 


anthraquinone 
cL- tetralone 
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mp 

: 84°C . 


ir 

: V (KBr) cm ^ : 1510, 1410, 

max 

1280, 830, 560. 

nmr 

: 6(CDC1 3 ), 60 MHz: 1.36 (s, 9 

H, tert- butyl), 7.46 


(d, J = 8 Hz, 2 H, aromatic) 

2 H, aromatic) . 

, 8.06 (d, J = 8 Hz, 


4- t Butyl iodoxybenzene (JL) was found to be an excellent 
oxygen transfer reagent in the sense that the reaction of (.1) 
with various substrates led to nearly total recovery of 4- t butyl- 
iodobenzente (2_) which could be recycled. This aspect and the 
general profile of this reagent is presented in CHART C.2. 

Thus, the transformations brought about with 4- t butyl iodoxy- 
benzene, are clean, the products directly isolable and the 
resulting (2_) effectively recycled. 

Type I : Reactions of 4- t Butyl Iodoxybenzene 

The transformation brought about under this category 
have a profile very similar to that of ozone as illustrated 
in CHART C.3. In this, the n system is cleaved to the dicar- 
bonyl compounds, a process that is envisaged as taking place 
by a jt 4 s + tt 2 s route with the resulting direct cleavage of 
the adduct to (2) and the carbonyl function. The similarity 
of this reaction pathway with that of ozone is upto the first 
cycloaddition stage. In the case of ozone the primary ozonide 
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undergoes fragmentation and a second cycloaddition to the 
secondary ozonide which has to be reduced to the dicarbonyl 
system (CHART C. 3). 

The 71 bond cleavage as envisaged in CHART C.3, can be 
carried out either in hot chlorobenzene or nitrobenzene. The 
former solvent is preferred and at a temperature of about 130- 
140°C. The workup is very simple, involving the evaporation 
of chlorobenzene in vacuo and chromatography over silica gel. 

The 4-^butyl iodobenzene (.2) can be recovered in nearly quanti- 
tative yields on elution with hexane and all the products with 
the benzene-hexane mixture. The type I profile of 4-tbutyl 
iodoxybenzene is illustrated in the present work with substrates 
shown in TABLE C.l. As could be seen from this table a variety 
of olefins including aliphatic, aromatic, fully substituted, 
tri substituted and disubstituted Ti systems do undergo this 
reaction, leading to the formation of the expected products in 
good yields (TABLE C.l). 

TABLE C.l presents the substrates that were employed to 
illustrate the potential of 4-tbutyl iodoxybenzene (jj , as an 
ozone equivalent. The table also provides details relating 
to the reaction conditions, the solvent employed, the relative 
proportions of the reagent used, pure isolated yields of the 
ketones, and the amount of 4- t butyl iodobenzene (_2) recovered 
which was recycled. The biscyclohexylidene used was conveni- 
ently prepared by the procedure of Barton and Willis and 
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(0.5) 1.0 PhN02 (5) 8 (63) 
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as shown in CHART C . 4 . 

Type 1 1 ; Reactions of 4-^~Butyl Iodoxybenzene 

From TABLE C.l it could be seen that in the reaction of 
trans stilbene with the reagent (1_) , in addition to benzalde- 
hyde (67%), there was also isolated benzil (20%). In this 
reaction, the n system is converted into a 1, 2-dicarbonyl unit. 
This is a feature of iodoxybenzene and 4- t butyl iodoxybenzene, 
namely n systems which are endowed with vicinal hydrogens are 
transformed to 1,2-diketones. The pathway associated with this 
type of transformation, is illustrated in CHART C.5. Comparison 
of CHART C.3 and CHART C.5 would show that the primary reaction 
in both cases is a cycloaddition. However, the presence of the 
aryl hydrogens in the adduct enables fragmentation leading to 
a ketal unit which then undergoes further oxidation to the 
observed 1,2-diketone. Naturally, this pathway is not commonly 
encountered in the reactions of ozone. This must be as a result 
ant greater propensity for the primary ozonide to fragment, 
leading to a carbonyl group and a zwitterionic species, rather ' 
than to undergo fragmentation as envisaged in CHAPRT C.5. 
Interestingly enough, wherever a driving force is afforded 
for the fragmentation of the initially formed ozonide along 
the lines illustrated in CHART C.5, such a change does indeed 
take place. Of particular significance is the observation that 
in sharp contrast to its mode of action on phenanthrene, ozone 
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transforms phenanthrene-9 carboxylic acid to phenanthrene- 
quinone in 67% yields by pathways that closely parallel the 
phenanthrene — > phenanthrenequinone change, mediated by (JL) . 

This must be attributed to the promotion of C-0 bond fission 
by the carboxylic function in preference to the C-c fission, 
normally encountered with primary ozonides. An excellent 
illustration of the Type II reaction of 4- t butyl iodoxybenzene 
which is expected to have good practical utility is the trans- 
formation of phenanthrene to phenanthrenequinone with two equi- 
valents of the reagent in chlorobenzene at 140° for 10 h lead- 
ing to an excellent yield of phenanthrenequinone (75%) and nearly 
total recovery of 4-tbutyl iodobenzene (97%), which could be 
recycled. This transformation represents the most attractive 
amongs the several pathways available for oxidation of phenan— 
threne to phenanthrenequinone (CHART C.6) . 

Type III: Reactions of 4-^Butyl Iodoxybenzene 

In this mode, the peripositions of condensed aromatic 
systems are transformed to diketones with 4- t butyl ioxoxy- 
benzene. This type of reaction, which requires tc^equivalents 
of the reagent, is illustrated in CHART C.7 with the transfor- 
mation of anthracene to anthraquinone in 59% yield (CHART C.7). 
However, it is possible that the initially formed 4- t butyl 
iodosobenzene ( CHART C.7), could also play a role in further 
oxidations which would reduce the amount of the reagent (l) 
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needed to bring about such a change. Type III oxidations 

41 

generally proceed by reaction of either iodoxybenzene or 
*fc 

4- butyl iodoxybenzene, by attack on condensed aromatic 
systems at sites having the lowest atom localization energy. 

Type IV : Reactions of 4-^Butyl Iodoxybenzene 

In this type of oxidation, 4- t butyl iodoxybenzene exhi- 
bits properties similar to that of ozone, namely, the ability 
to insert to an aralkyl C-H bond as shown in CHART C.8., An 
excellent illustration of this type is the transformation of 
tetralin to a-tetralone in 60% yields upon reaction in chloro- 
benzene for 6 h (CHART C.9). In our opinion, this represents 
the best route for a-tetralone from tetralin. In this case 
also, 97% of 4-tbutyl iodobenzene was recovered. 

t 

Type V; Reactions of 4- Butyl Iodoxybenzene 

To this category, belongs the reaction of (1) with aromatic 
amines leading to azo compounds in good yields. Thus, iodoxy- 
benzene (_1) exhibits properties similar to that of iodosoben- 

39 

zene and phenyl iododiacetate (section B) . Although the mecha- 
nism of this transformation awaits experimental study, it is 
envisaged as taking place by either of the two possibilities 
shown in CHART C.10. Alternately, the overall transformation 
could, in principle, take place via aromatic nitroso compounds. 
Typical possibilities of the Type V change , wi£h f jjeagepl^^ is 

' , i7T. r ’> ^ 
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illustrated in CHART C.ll with aniline and benzyl amine. In 
the case of the former, the product is azobenzene, isolated in 
over 60% yields; in the case of the latter, the product is benz- 
aldehyde, obtained in about the same yield, which can readily be 
understood on the basis of fragmentation of the initially formed 
adduct, taking advantage of the proximate C-H bond, to an imine 
and t-butyl iodosobenzene. The imine, in turn, undergoes hydro- 
lysis to the aldehyde. Indeed, our studies with diverse a-amino 
acid systems show that this is the preferred pathway with 
reagent (.1) (CHART C.ll). An important point that has to be 
taken note of in the oxidation of amines with reagent (jj is 
that, unlike those where either a c-C n bond is cleaved or 
oxidized, or as in the case of oxidation of aralkyl substrates 
where optimum conditions required heating at 140° in chloro- 
benzene, the amine oxidations can be effectively achieved at 
room temper ature or below, either supported on silica gel or 
otherwise. 

In addition to the illustration of the utility of 4- t butyl 
iodoxybenzene as a reagent in terms of five distinct reactions 
types, vide supra , the present work also contains the trans- 
formation of other functional groups with (1) such as sulfides, 
alcoholic function, enamines and others. 
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A Study of the Reaction of 4- t Butyl Iodoxybenzene (l) with 
Protected and Free Coded a- Amino Acids 

Background 

An aspect that is under investigation in the laboratory 
where this work is being reported is the site-specific, group- 
specific transformation of the side chains of coded a-amino 
acids. An approach that has received considerable attention 
is to bring about such changes by oxidative procedures, since, 
in principle, 13 of the coded 20 amino acids have side chains 
that are susceptible to oxidation. Having established the 
utility of 4- t butyl iodoxybenzene as an oxidizing agent, it was 
considered logical to examine the scope of reagent (1 ) in bring- 
ing about oxidative transformations of coded tt -amino acid side 
chains. In addition to demonstrate the ability of reagent (l_) 
to bring about oxidation of the amino functionality of a- 
amino acids, the oxidative transformations of few coded a-amino 
acid esters were also examined. All the amino acid substrates 
used in the present work were prepared by known procedures 
and by normal methods used in amino acid chemistry. 
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N-Benzoyl-L-methionine methyl ester (4) was reacted 
with 1*5 equivalents of 4- t butyl iodoxybenzene (_l) in chloro- 
benzene at 140° for 3.5 h. The products were separated into 
neutral and acidic fractions. The neutral fraction, on careful 
chromatography over silica gel, gave compounds 5 , 6 and 7 _ to 
which, based on spectral and analytical data, are assigned 
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CHART C.13 
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CHART C. 14 




PhCONH 
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10 from further oxidation. Indeed, the isolation of compound 9 
which is a further esterified product of 7, in the bicarbonate 
layer, could again be explained on the basis of a cyclic inter- 
mediate such as 1_1/ which would undergo opening to the carboxy- 
lic acid that would stay in the bicarbonate layer. Thus, the 
envisaged intermediates 1£ and 1_1 (CHART C.14) would account 
for the same or similar products isolated from the neutral as 
well as acidic fractions. The possibilities that the compounds 
are partially taken up in the bicarbonate is highly unlikely 
from solubility studies of products isolated from the neutral' 
fraction. CHART C.15 rationalizes the formation of the aspartic 
acid 8. It is envisaged that the sulfone 5_ could undergo the 
Type IV reaction of 4- t butyl iodoxybenzene leading to the carbonyl 
intermediate 12 (CHART C.15), which could undergo hydrolysis to 
L-aspartic acid a-methyl ester, which, in turn, with diazome- 
thane, would lead to compound 8. 


5: 


mp : 106°C. 

ir : V (KBr) cm” 1 : 3300 (NH) , 1730 (C=0) , 1630, 
max 

1290, 1230, 1120 (S0 2 ). 

nmr : 6(CDC1 3 >, 60MHz: 2.9 (s, 3 H, S0 2 CH 3 ), 3.0-3.41 

(m, 4 H, -CH 2 -CH 2 -), 3.75 (s, 3 H, C00CH 3 >, 4.9 
(q, 1 H, tert-proton ) , 7. 1-7.9 (m, 5 H, aromatic), 
m/z : 299 (M + ), 240 (M + - COOMe) , 194 (M + - COPh) . 
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6: ir : y (neat) cm -1 : 3300 (NH), 1730 (C=0), 1635, 

1220, 1030 (sulfoxide) . 

nmr : 6(CDC1 3 ), 60 MHz: 2.56 (s, 3 H, S0CH 3 ), 2.63- 

3.10 (m, 4 H, -CH 2 CH 2 -), 3.73 (s, 3 H, C00CH 3 ), 
4.85 (q, 1 H, tert-proton) , 7. 3-8.0 (m, 5 H, 
aromatic) . 

m/z : 283 (M + ) , 284 (M + + l) . ■ 

2: mp : 132°C. 

ir ** ’'max (KBr) cm ~ 1: 3300 (NH), 1725 (C-0) , 1525, 

1240, 1030, 700. 

nmr : 6(CDCl 3 ), 60 MHz: 2.8-3.25 (m, 4 H, -CH 2 CH 2 ~), 

1 • 

3.8 (s, 3 H, C00CH 3 ), 4.9 (q, 1 H, tert-proton), 
7.20-8.12 (m, 5 H, aromatic). 

m/z : 269 (M + ) . 

8: ir : y (neat) cm" 1 : 3320 (NH), 1725 (ester), 1670, 

— " • max 

1470. 

nmr : 6(CDCl 3 ), 60 MHz: 2.85-3.1 (m, 2 H, -CH 2 ), 3.6 

(s, 3 H, £-C00CH 3 ), 3.7 (s, 3 H, a-CO0CH 3 ), 4.82 
(q, 1 H, tert-proton), 7. 2-8.0 (m, 5 H, aromatic). 

9: ir : v (neat) cm 1 : 3400 (NH), 1730 (ester), 1667, 

— “ max 

1535, 1235, 1010, 725. 

nmr : 6(CDC1 3 ), 60 MHz: 2.53 (s, 3 H, S-0CH 3 ) , 2.62- 

3.17 (m, 4 H, -(CH 2 ) 2 ), 3.73 (s, 3 H, C00CH 3 ), 

4.8 (q, 1 H, tert-proton), 7.3-8.07 (m, 5 H, 
aromatic) . 

m/z : 283 (M + ), 284 (M + + 1). 


Parenthetically, the possible involvement of 4- t butyl 
iodosobenzene, envisaged in CHART C.13, in further transforma- 
tions to products observed, can not be completely ruled out. 

The reaction of N-benzyloxycarbonyl-L-methionine methyl 
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ester (.13) with nearly 1 equivalent of the reagent (1.) in 
chlorobenzene at 140° for 2.5 h was found to be much less 
complicated and workup involving chromatography led to the 
isolation of the sulfone 14- (57%) which is very closely related 
to 5_ and benzyl carbamate arising from elimination (36%) . The 
reaction also led to the recovery of the reagent in the form of 
4- t butyl iodobenzene in 72% yields which could be recycled. 
Surprisingly, no acidic product was encountered in this reaction 
The formation of 33 is noteworthy in that it is obtained in rel.a 
tively high yields (36%). It is possible that the formation of 
this product, arising from elimination, is greatly promoted by 
intermediate such as 16 (CHART C.16). 


14: 

mp 

: 89°C. 



ir 

: V (KBr) cm -1 : 3310 (NH) , 1725,. 

max 

1680 (C=0) 



1520, 1310, 1240, 1120 (S0 2 ). 



nmr 

: 6(CDC1 3 ), 60 MHz: 2.38 (m, 2 H, 

-CH 2 CH 2 -CH) 


2.88 (s, 3 H, S0 2 CH 3 ), 2.93-3.38 (m, 2 H, 
-CH 2 CH 2 S0 2 Me) , 3.76 (s, 3 H, C00Ct£ 3 ), 4.53 (m, 

1 H, tert-proton) , 5.09 (s, 2 H, -0CH 2 Ph), 5.78 
(d, 1 H, -NH-CH-), 7.31 (s, 5 H, aromatic). 
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15: 

mp 

• 

* 

84°C. 


ir 

• 

• 

V v (KBr) cm" 1 : 3410, 3200, 1685. 
max 


nmr 

• 

• 

6(CDC1 3 ), 60 MHz: 5.13 (s, 2 H, -OCH^Ph) , 7.32 




(s, 5 H, aromatic). 


m/z 

• 

ft 

151 (M + ), 107 (M + - C0NH 2 ). 

The 

oxidations 

above experiments indicate that the major pathway in 

mediated with 4- t butyl iodoxybenzene is the expected 


sulfur oxidation leading to sulfoxides and sulfones, in roughly 
the same order of yields. It was considered to be of interest 
whether this type of oxidation could be used in the transforma- 
tion of the methionine side chain in peptides. With this 
obj ective, the dipeptide, namely benzyloxycarbonyl glycyl- . 
methionine methyl ester (17) was prepared by accepted procedures 
as shown in CHART C.17. Compound 1/7, on reaction with 1.25 equi- 
valents of the reagent (i) , followed by workup, gave the sulfone 
18 and the sulfoxide 19_ in respectively 26% and 42% yields thus 
establishing that the peptide backbone is not affected in this 
oxidation. The structural assignments for 18 and 19. which are 
novel compounds are supported by spectral and analytical data 
(CHART C.17 & CHART C.18). 


17: ir : V (neat) cm 3350 (NH) , 1740 (ester), 1680 

— max 

(amide) . 



nmr : 6 ( 00012 ), 60 MHz: 2.06 (s, 3 H, 

(m, 4 H, -CH 2 CH 2 SCH 3 ) , 3.7 (s, 3 
3. 8-4. 2 (m, 2 H, NHC^CO-), 4.7 
proton), 5.1 (s, 2 H, -0CH 2 Ph) , 
-NH-), 7.3 (s, 5 H, aromatic), 
m/z : 354 (M + ), 355 (M + + l) . 

ir : v max (neat) cm -1 : 3340 (br, NH) , 
1680 (amide), 1300, 1140 (S0 2 ). 
nmr : 6(CDC1 3 ), 60 MHz: 2.83 (s, 3 H, 

3.44 (m, 4 H, -CHCH 2 CH 2 S0 2 - ) , 3. 
3.77-4.72 (m, 3 H, -CfbjCONHCH-) , 
-0CH 2 Ph), 5.94 (br, 2 H, 2xNH), 
aromatic) . 

m/z : 386 (M + ), 387 (M + + l) . 

ir : (neat) cm -1 : 3320 (br, NH) , 

max 

1670 (amide), 1045 (sulfoxide), 
nmr : 6(CDCl 3 ), 60 MHz: 2.51 (s, 3 H, 

(m, 4 H, -CHCH 2 CH 2 SQ-) , 3.7 (s, : 
(m, 2 H, -NHCH 2 CO-), 4.78 (m, 1 ] 
5.08 (s, 2 H, -0CH 2 Ph), 5.98 (br 
7.28 (s, 5 H, aromatic). 


SCH 3 ), 2.46 
H, -C00CH 3 ), 
(d, 1 H, tert- 
5.67 (br, 2 H, 


1735 (ester), 

-S0 2 CH 3 ), 2.92- 
7 (s, 3 H, -COOCH 3 ) 
5.05 (s, 2 H, 

7.26 (s, 5 H, 


1740 (ester), 

-S0CH 3 ), 2.58-3.28 
3 H, -COOCHg), 3.88 
fi, tert-proton) , 

, 2 H, 2 xNH), 
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As the logical extension to the work reported above on 

methionine, oxidation with reagent (_l) was also carried with 
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N-benzyloxycarbonyl-S-benzyl-L-cysteine methyl ester (20), 

Thus, the reaction of 2£ with 1.5 equivalents of (.1)/ under the 
general conditions, led to the isolation of the sulfone 21 and 
sulfoxide 22., in yields, respectively, 18% and 30%. 4- t Butyl 
iodobenzene (2) was recovered in 66% yields. The structural 
assignments for 2_1 and :22 are supported by spectral and analy- 
tical data. In addition, there was also obtained compound, 
mp 112-114° which did not have the ester function (nmr) . On 
the basis of spectral data, this compound is considered to be the 
azlactone 23[ (CHART C.19). An interesting finding here was the 
observation that the acidic portion when esterified with diazo- 
methane, gave a 7% yield of the sulfoxide 22. which tends to 
support the earlier rationalization pertaining to cyclic inter- 
mediates ( vide supra ) which, in this case, could be considered 
as 24 (CHART C.19) . 


21 s mp : 174°C. 

ir : V (KBr) cm 3315 (NH) , 1730 (ester), 1685, 
max ■ „ 

1300, 1250, 1130 (S0 2 ), 1050. 


nmr : 6(CDCl 3 ), 60 MHzs 

3.5 

(d, 2 

H, S0 2 CH 2 CH-) , 3 

.71 

(s, 3 H, -C00CH 3 ), 

4.2 

(s, 2 

H, CH 2 Ph)-, 4.72 

(m. 

1 H, tert-proton) , 

5.08 

(s. 

2 H, 0CH 2 Ph), 5.9 


(br, 1 H, NH), 7.3 

(s. 

10 H, 

aromatic) . 



nmr 
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22 (7%) 
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m/z : 391 ( M**~) . 

22: mp : 119-1 21°C. 

ir : (KBx:) cut" -1 * 33:10 b (NH), 1730 (ester), 1685, 

1265, 1030 ( smieoxiodes) . 

nmr i 5(CDCip, 6 0 MHz* 13. 06 (d, 2 H, -SOCH^CH-), 3.61 

■(s, 3 H, -CO~OCT 3 ), 3. 91 (s, 2 H, SOCH 2 Ph) , 4.57 

(br, 1 H, -CH-), 5,001. (s, 2 H, -OCH 2 Ph) , 6.11 
(br, 1 H, — O- ), 7,2 (s, 10 H, aromatic). 

m/z : 375 {it), 23 6 (M + - s:0CH 2 Ph) . 

23: mp : 112-1 14°C, 

nmr : 6(CDC1,>, 6 6 MHz r 3. 04 (m, 2 H, SOCH_-C^ ) , 

3 “ 2 

3.93(s, 2H, S0CH 2 PN , 4.97 (s, 2 H, -OCH 2 Ph), 

7.2 ( s, 10 H, ar-omatti c ) . 

An interesting prropejrt'y of: 44- ^butyl iodoxybenzene was 
uncovered during endeavours to tran sform N-benzoyl-L-serine 
methyl ester (25>) to oxidised prrociu-cts. The reaction of 25> 
with 1.5 equivalents of: -the re=agremt. (l) in chlorobenzene at 140° 
for 6 h, gave the dehy(3.roa3a.aii-nes 8(2 6) and benzamide, in yields, 
respectively, 55% and 34^4. -A 45% y ield of 4- t butyl iodobenzene 
was also obtained. Uo other p*rodac ts could be characterized in' 
this reaction. A blank: ex^erri mentit, which excluded 4- t butyl 
iodoxybenzene, even with piroio-iKyea Heating for 10 h gave none 
of the dehydro alanine C26). rtas^Oe reagent (_1) is involved 
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in same manner in the formation of the (26>) . Addition- 
ally, the absence of formation of benzamide in the blank react- 
ion where the starting material was totally recovered would 
also suggest that even in the formation of benzamide which is 
an unusual elimination product reagent (3j is implicated. The 
transformation of (2jS) to ( 26 ) and benzamide is rationalized on 
CHART C.20. The formation of 4-^butyl iodbenzene can be readily 
understood on the basis of the proven instability of this 
reagent, when not used, to fragment. 


26 ; ir 
nmr 


m/z 


V v (neat) cm" 1 : 3398 (NH) , 1710, 1670 (C=0) . 

6(CDC1 3 ), 60 MHz: 3.8 (s, 3 H, -C00CH 3 ), 5.9, 
6.7 (br, br, 1. H, 1 H, olefin), 7. 1-7. 9 (m, 5 H, 
aromatic), 8.4 (br, 1 H, -NH-). 

205 (M + ), 206 (M + + l), 146 (M + - COOMe) . 


Earlier studies have established that 4- t butyl iodoxy- 
benzene has a reaction profile which is quite similar to that 
of ozone. It was, therefore, considered very interesting and 
important to study the behaviour of 4- t butyl iodoxybenzene (JO 
towards the three coded amino acids that carry aromatic side 
chains, namely, phenylalanine, histidine and tryptophan, not only 
with a view to delineate the pathways involved in such oxida- 
tions, if any, but also to assess the practical utility of the 
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reagent (_l) with reference to transformation of amino acids 
and peptides that carry side chains possessing an aromatic unit. 
It was also considered to be of interest to compare the. results 
of such a study, with the results obtained from oxidation of ' 
such amino acids with other oxidising agents that are being 
currently pursued in this laboratory. In the event, the react- 
ion of N-benzoyl-L-phenylalanine methyl ester with 1.5 equi- 
valents of reagent (jL) in chlorobenzene at 140° for 8 h gave 
14% of N-benzoyl-L-aspartic acid tt-methyl ester which was esteri 
fied with diazomethane to 8 and found identical with an authen- 
tic sample. Thus, the potential of 4-^-butyl iodoxybenzene to 
transform a phenyl ring to a carboxylic residue has been estab- 
lished although its efficacy is moderate, since about 60% of 
the starting material was recovered unchanged. Nevertheless 
when viewed in the light of the fact that there are very few 
reagents which can bring about the oxidation of a phenyl ring, 
the (2^7) to (8) transformation should be considered important. 
This reaction also led to the isolation of 2 in 81% yields. 
Another noteworthy feature of this oxidation is that even 
though N-benzoyl-L-phenylalanine methyl ester ( 21 ) possesses 
two aromatic moieties, the side chain phenyl alone is oxidi- 
zed on treatment with ( l) . This is also the case with other 
oxidizing agents such as ruthenium tetraoxide (CHART C.21). 

The reaction of N-benzyloxycarbonyl-L-histidine methyl 

no t 

ester (28) with 4- butyl iodoxybenzene gave very interesting 



CHART C. 20 
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2 ( 81 %) 
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results. Thus, when equivalent amounts of (28) and (_l) in chlo- 
robenzene was held at 140° for 7 h and worked up, there was 
obtained the unusual product (.29) , mp 175° in 38% yield, and a. 

30% yield of benzylcarbamate (CHART C.22). In addition, there 
was also obtained 64% of 4- t butyl iodobenzene (.2). The acidic 
portion yielded no products. Thus, under the conditions out- 
lined above, the reaction was clean, gave a, single product from 
the histidine moiety oxidation. 

The formation of 29_ from 28_ is rationalized in CHART C.23. 

It is envisaged that the initial interaction leads to the oxi- 
dation of the 4-imidazole position and eventual hydroxylation. 

The 4-hydroxy imidazole thus generated undergoes prototropic 
shifts and hydrolysis leading to the observed product (CHART C.23). 


28: 

ir . 

♦ 

# 

V (neat) cm’^: 3300 (br, 

max 

f 

NH) , 1720 (ester), ; 




1440, 1215. 



nmr 

• 

• 

6(CDC1 3 ), 60 MHz: 3.07 (d. 

2 H, -CH 2 CH-), 3.62 




(s, 3 H, -C00CH 3 ), 4.57 (m. 

1 H, tert-proton) , 




5.02 (s, 2 H, -0CH 2 Ph), 6.27 

1 (d, 2 H, 2 x NH- ) , 




7.12-8.02 (m, 7 H, aromatic 

olefin) . 

29: 

mp 

• 

• 

175°C. 



ir 

• 

• 

V (KBr) cm” 1 : 3320 (NH) , 

1750 (ester), 1725 




max 





(CHO), 1695 (amide). 



nmr 

: 

6 (CDC1 3 ), 60 Mhz: 3.12 . (m. 

2 H, -CHCH 2 CH-), 3.7 




(s, 3 H, -C00CH 3 ), 4.42 (m. 

2 H, 2 xCH-) , 
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5.07 (s, 2 H, -OCH 2 Ph), 5.6 (br, 2 H, -CONH 2 ), 

6.71 (br, 2 H, 2 xNH-), 7.28 (s, 5 H, aromatic), 

8.16 (s, 1 H, -CHO) . 

m/z : 337 (M + ), 278 (M + - COOMe), 246 (M + - CH 2 Ph) . 
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The reaction of N-benzoyl-L- tryptophan methyl ester 
(30) with 1.5 equivalent of the reagent (jL) at 140° for 1.5 h, 
followed by the usual workup, gave 70% yield of the formylkynure 
nine (3_l) whose formation could be readily understood on the 
basis of adduct (3_2) which is precisely that could be anticipa- 
ted on reaction of 3_0 with ozone. About 15% of the starting 
material was recovered in this reaction. To the best of our 
knowledge, the 30 to 3_1 transformation mediated by 4- t butyl 
iodoxybenzene is the best procedure for the preparation of 3JL 
(CHART C.24). Further, the chirality in this transformation 
was retained. This was demonstrated via further transforma- 
tion of this compound to aspartic acid and comparison of the 
optical rotation with that of an authentic sample. This 
reaction gave no acidic product. 


30: mp : 109-111°C. 

ir : V (KBr) cm -1 : 3320 (NH), 1720 (ester), 1620, 
max 

1595. 

: 6 (CDC1 3 ), 60 MHz: 3.4 (d, 2 H, methylene proton), 

3.65 (s, 3 H, -C00CH 3 ), 5.1 (m, 1 H, ter t- proton ) , 


nmr 



6 . 6-7. 9 (m 
-NH- ) . 


11 H, aromatic), 8.65 (br, 1 H 
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31 : mp 

ir 


nmr 


m/z 


94-95°C. 

I’max (KBr) cm -1 : 3310 (NH) , 1750 (-COOMe) , 1730 
( > C=0) . 

6 ( 00013 ), 60 MHz: 3.85 (s+d, 5 H, -COOCH^ 
methylene proton), 5.15 (m, 1H, tert-proton) , 
7.05-8.05 (m, 9 H, aromatic), 8.65 (br, 2 H, 

— NHCHO, -NHCOPh), 11.3 (br, 1 H, CHO) . 

354 (M + ). 


A reaction that has been observed in this laboratory and 
by others is the oxidation of N-benzoy-L-proline methyl ester 74 
at the five position by Ru0 4 . It was therefore considered 
interesting to study the reaction of N-benzoyl-L-proline methyl 
ester (32) with reagent (l) . In the. event, the reaction of (32) 
with nearly equivalent amount of reagent ( 1 .) in chlorobenzene 
for 8 h followed by separation into neutral and acidic portions 
and the esterification of the product from the bicarbonate 
extract, gave a 14% of N- benzoyl glutamic acid dimethyl ester 
(33), which was compared with an authentic sample. The neutral 


extract afforded on chromatography unchanged starting material 
and' 4- t butyl iodobenzene (75%). The formation of (213) from 
oxidation of (32) is rationalized in CHART C.25. The primary 


step is envi. 


saged as Type IV process encountered with 


, 1 ! 
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4- t butyl iodoxybenzene ( vide supra ) and the collapse of this 
intermediate to the iodoso compound and the oxidized substrate 
which is designated as (34) in CHART C.25. Compound 34 is 
actually, N— benzoyl pyroglutamic acid methyl ester which is 
known to hydrolyse readily to the corresponding glutamic acid t 
diazomethane esterification then would give rise to observed 
product (^3) . 

32 : ' mp : '88-89°C 

ir : ^ (KBr) cm -1 : 1732 (ester), 1618, 1410, 1200, 

1180. 

nmr : 6(CDC1 3 ), 60 MHz: 1.38-2.83 (m, 6 H, -(CH 2 ) 3 ~), 

3.78 (s, 3 H, -C00CH 3 ), 4.68 (m, 1 H, tert- 
proton) , 7.4 (m, 5 H, aromatic). 

33: ir : y (neat) cm 3340 (br, NH) , 1660 (C=0) . 

*■”*■"*“ uloX 

nmr : 6(CDCl 3 ), 60 MHz: 2.04 (m, 4 H, -CH 2 CH 2 COOMe) , 

3.61 (s, 3 H, r-C00CH 3 ), 3.73 (s, 3 H, a-C00CH 3 ), 
4.82 (m, 1 H, tert-proton), 7.12-7.52 (m, 5 H, 
aromatic) . 

m/z : 279 (M + ), 220 (M + - C00CH 3 ). 

t 

The transformation of aniline to azobenzene with 4- butyl 
iodoxybenzene was described earlier and was referred to as the 
Type V reaction that could be brought about with reagent (l_) . 

In the present work, the reaction of amino acid esters with (1.) 



CHART C, 24 
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has been explored to compare such results with that observed 
ear ^ er * Additionally, the oxidation of free amino acids, 
particularly aromatic amino acids like phenylalanine and 
tryptophan is one of the most important biogenetic pathways, 
involving these compounds. In the event, the reaction of 
L-phenylalanine methyl ester with 1.25 equivalents of 4- t butyl 
iodoxybenzene (1_) in chlorobenzene at 140° for 5 h led to, 
after chromatography, the isolation of compounds which have 
been assigned tentatively on the basis of spectral data, 
structures (36) and (37) . The workup also afforded 77% of 
4- t butyl iodobenzene (2) . The yields of (36) and (37) obtain- 
ed are respectively 25% and 32% (CHART C.26). The formation 
of 2,4-diphenyl 3, 5-dicarbomethoxy pyrrole (36) is rationaliz- 
ed in CHART C.27. As in several previous cases, the initial 
interaction leads to the oxidation of the primary amine function 
to an imine unit which readily tautomerizes to an enamine. This 
key enamine intermediate is envisaged to undergo loss of ammonia 
to give phenyl propiolic acid methyl ester which accepts the 
precursor enamine in a Michael type of addition. Cyclization 
followed by oxidation would give rise to compound 3j6 (CHART C.27) 
The formation of compound 32 is rationalized in CHART C.28. This 
complex change is envisaged as taking place via further oxida- 
tion of the enamine intermediate referred to in CHART C.27 to 
an azo compound via pathways similar to that involved in the 
transformation of aniline to azobenzene. Electrocyclic reaction 



CHART C.26 



of this azo compound followed by oxidation would lead to 37 
(CHART C.28). 
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36: 

ir 

• 

• 

^max (neat) cm-1 * 3440 (NH) , 1730 (br, ester)'. 


nmr 

* 

6 (CDCl _ ) , 60 MHz: 3.73 (s, 6 H, 2xC00CH^), 

7.2 (m, 10 H, aromatic), 8.2 (br, 1 H, -NH) . 


m/z 

• 

335 (M + ) , 336 (M + + l) . 

37 = ' 

ir 

* 

v max (neat ) cm -1 : 1740 (ester). 


nmr 

• 

6 ( CDCl 3 ) , 60 MHz: 3.76 (s, 3 H, -COOCHg), 3.8 
(s, 3 H, -COOCH 3 ), 6.87-7.68 (m, 10 H, aromatic) 


m/z 

+ 

348 (M + ) . 


A remarkable transformation was observed when L-trypto- 
phan methyl ester (_38) was left stirred in benzene with half 
an equivalent of 4-^butyl iodoxybenzene in benzene at room 
temperature for 1.5 h. Evaporation of solvents followed by 
chromatography gave, besides 71% of 4- t butyl iodobenzene (2), 
a reddish crystalline compound, mp 197°, to which structure 
( 39 ) has been assigned on the basis of nmr which clearly 
showed the compound did not possess any nonaromatic type 
protons. Additionally, the mass spectrum of this compound 
was in agreement with assignment (39) . The formation of (39) 
so readily from ( 38 ) with Q) in benzene at room temperature 
is rationalized in CHART C.29. It is envisaged that the 
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primary enamine oxidation product undergoes hydrolysis and 
cyclization leading to (.39) . The structure of this product 
as well as pathways of oxidation of 3>8 under usual conditions 
awaits further exploration. 


39: 

mp 

• 

• 

197°C. 



■ 


ir 

• 

Vx (KBr) 

cm ^ : 

3300 (br, NH), 1670 (br. 

C=0) . 


nmr 

t 

6 (CDC1 3 ) , 

60 MHz 

: 7.08-7.49 (m, 2 H) , 7. 

58 (s, 1 H) 




7.88-8.18 

(m + d. 

2 H), 8.78 (m, 1 H, -NH) 

• 


m/z 

• 

185 (M + ) . 





The above account provides a summary of reactions thus 
far carried out with 4- t butyl iodoxybenzene (l) . Reagent ( 
has beep demonstrated to bring about oxidative transformations 
that can be classified into five types. The reaction of protec- 
ted sulfur-containing coded amino acids, namely, methionine 
and cysteine affords largely a mixture of sulfoxide and sulfone. 
The formation of other products in these reactions, particularly, 
the degradation of methionine side chain to that of an acetic 
acid is of interest. Convincing evidence for a participation 
of 4-^butyl iodoxybenzene in elimination has been brought out 
by studies on benzoyl-L- serine methyl ester. A very important 
result is the degradation of benzoyl— L— phenylalanine methyl 
ester to L-aspartic acid involving the degradation of the 
aromatic ring of the side chain to a carboxyl unit. In the 
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case of benzyloxycarbonyl-L-histidine methyl ester, the oxida- 
tion proceeds ,via hydroxylation of the imidazole nucleus. A 
result that could have some practical application is the oxida- 
tion of benzoyl-L-tryptophan methyl ester to Kynurenine ( 31 ) 
in 70% yields. N— Benzoyl-L-proline methyl ester is oxidized with 
(_l) to a pyroglutamic acid intermediate. The reaction of (jl) 
with unprotected amino acid esters was complex and the pathways 
were not predictable and the assignment of unusual structures 
(36) / (37) and (3£) merits further confirmation. The most 

notable aspect of the present endeavour is the demonstrated 
capability of (.1) to bring about the oxidative transformation 
of a variety of substrates via a variety of mechanistic path- 
ways. Further work along the lines developed here would hope- 
fully lead to practical application of (_1) in chemical transfor- 
mations. The present work also involves a very preliminary 
examination of the use of 4- ^butyl benzene iododichloride (_3) 
as a reagent. It has been found that the reactivity pattern 
is as expected, similar to that of the parent system, namely, 
phenyl iododichloride. The pronounced enhanced solubility of 3_ 
in solvents such as benzene gives it a distinct advantage over 
the parent system. As illustrated in CHART C.30 compound (3) 
transforms benzyl amine, cyclohexanone oxime and camphene to, 
respectively, benz aldehyde, cyclohexanone and bornanedichlo- 
ride via pathways which have been described in Section B. 



CHART C.29 
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CH 2 Cl 

(46%) 
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By a fortunate coincidence/ whilst the work on iodoxy- 
benzene and appropriately substituted iodoxybenzene was in 
progress with respect to their possible utilization as ozone 
equivalents and in other oxygen transfer processes/ endeavours 
were on way to explore and exploit the full potential of nitro— 
ethylene (40) as a reagent in organic chemistry. The wide scale 
application of nitroethylene is impeded by two factors, namely, 
the difficulties associated with storage of this reagent and 
the fact that its preparation hitherto involve the use of nitro- 
methane as the starting material. With reference to the first 
problem, it was satisfactorily solved in this laboratory by the 
preparation of the tailor-made reagent, 2-nitroethyl phenyl 
sulfoxide (41) . It was found that this reagent, under mild 
thermal conditions, readily fragments via a Cope-type of transi- 
tion state to nitroethylene as illustrated in CHART C.31. An 
interesting problem arose during the preparation of this transfer 
reagent, namely, the oxidation of 2-nitroethyl phenyl sulfide 
(42) to the sulfoxide (£1) arising from the presence of a nitro- 
function. It was found that common oxidising agents like hydro- 
gen peroxide and m-chloro perbenzoic acid gave complex products. 
However, the reagent iodoxybenzene that was being tested in the 
same laboratory was found to be exceptionally good to bring, 
about the (42) to (41 ) oxidation in the presence of the nitro 
function. With the development 4- t butyl iodoxybenzene as a 
much superior reagent to the parent, it was considered worth- 
I while to develop a method for the preparation of the nitro- 
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ethylene transfer reagent, 2-nitroethyl phenyl sulfoxide (41) 
without proceeding through nitrome thane and incorporating 
reagent (l^) in the ( 42 ) to (41) change. The problem with 
nitromethane is that its conjugate base has to be generated 
and then reacted with formaldehyde to 2-nitroethanol. This 
reaction is hazardous since it involves nitromethane anion. 
Further , the isolation of 2-nitroethanol is also very difficult. 
It was, therefore, concluded that any widely applicable method 
for, the preparation of 2-nitroethyl phenyl sulfoxide ( 41 ) must 
not include nitromethane as the starting material. This problem 
now has been solved satisfactorily and the nitroethylene trans- 
fer agent (41) has been prepared by a novel strategy in the 
present work employing sodium nitrite to introduce the nitro- 
function and also incorporating the use of the relatively more 
soluble 4- t butyl iodoxybenzene to bring about the facile and 
uncomplicated oxidation of 2-nitroethyl phenyl sulfide. The 
procedure for the preparation of 2-nitroethyl phenyl sulfoxide 
(41) from nitromethane is presented in CHART C-32. 

Our present synthesis of 2-nitroethyl phenyl sulfoxide 
(41) starts from ethylene glycol, which, on reaction with HBr, 
is transformed to 2-bromoethanol in 30% yields. Reaction of 
this with the in situ generated thiophenol conjugate base gave 
2-hydroxyethyl phenyl sulfide in 88% yields. Reaction of this 
with phosphorous tribromide gave the novel compound 2-bromo- 
ethyl phenyl sulfide (4j3) in 81% yields. Reaction of 
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2-bromoethyl phenyl sulfide with sodium nitrite in DMSO for 
8 h at room temperature gave a 72% yield of 2-nitroethyl 
phenyl sulfide (42) which was identical in all respects to the 
product obtained from nitromethane (CHART C.32). 2-Nitroethyl 
phenyl sulfide (42) was transformed to the reagent 2-nitroethyl 
phenyl sulfoxide ( 41 ) in 96% yield with 4— ^butyl iodoxybenzene 
in benzene solvent at room temperature for 12 h (CHART c.33). 


mp : 64°C . 

±r : V max (KBr) cm ~ 1: 1570 ' 1380 (~N0 2 ) / 1045 (SO), 

nmr : 6 ( CDCl 3 ) , 60 MHz: 3.42 (m, 2 H, PhS0CH 2 ) , 4.69 

(m, 2 H, -CH 2 NC> 2 ), 7.59 (s, 5 H, aromatic). 

ir : (neat) cm -1 : 1550, 1370 (-N0J. 

lUdLX £ 

nmr : 6 (CDC1 3 ), 60 MHz: 3.3 (t, 2 H, phSCH 2 ), 4.37 

(t, 2 H, CH 2 N0 2 ), 7.22 (m, 5 H, aromatic). 

bp : 120-122°c/0 .05 torr. 

nmr : 6(CDC1 3 ), 60 MHz: 3. 2-3. 5 (m, 4 H, SCH 2 CH 2 Br) , 

7.21 (s, 5 H, aromatic). 


41 : 


42: 


43: 


The optimum conditions for the 2-bromoethyl phenyl sulfide 
(43) to 2-nitrpethyl phenyl sulfide ( 42 ) change was determined 
as a result of a number of experiments involving the reagents 
involved in the change, the solvent and reaction conditions. 

In the initial stages, when compound (43) was reacted with 



CHART C.31 
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Ph""^ 


sxi 

0 H 

V 


— * 

PhSOH 


41 


no 2 


40 


CHART C.32 


H 3 CNO 2 ► HOCH 2 CH 2 N0 2 ► Br-CH 2 -CH 2 -N0 2 

CH 2 0 PBr 3 


O' 

I 


► Ph-S-CH 2 CH 2 N 0 2 ► PhS- CH 2 CH 2 N 0 2 

PhS~ ^2 PhI0 2 U\ 

CHART C.33 


HBr 


HOCH 2 CH 2 OH 


-► Br — CH 2 CH 2 -OH 

(30 %) 


PhS" 


PhS — CH 2 CH 2 OH 

(88 %) 

Ph S CH 2 CH 2 N0 2 


PBr 3 

_^L 


NaN0 2 


-► PhSCH 2 CH 2 Br 




DM SO 


43 (81%) 


-•O-toj 


PhS-CH 2 CH 2 N0 2 
_0 

41 (96%) 


42 (72 %) 
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2 equivalents of silver nitrite in ether at room temperature 
for 14 h, a 63% yield of 2-nitroethyl phenyl sulfide (42_) and 
a 20% yield of 2-hydroxyethyl phenyl sulfidenitrite (,44) was 
obtained thus demonstrating that under these conditions/ the 
silver nitrite exhibits ambidient ion character in the sense 
both the nitro as well as nitrite are formed. In parallel 
experiments 2-chloroethyl phenyl sulfide (45) was prepared in 
96% yields from 2— hydroxy ethyl phenyl sulfide with thionyl 
chloride when treated with 2-equivalents of silver nitrite 
under conditions described above, gave a 39% yield of the nitro 
compound (42) and 58% yield of the nitrite (44) . The reversal 
of preference with respect to formation of the nitro and the 
nitrite compounds exhibited by (43) and (45) show the import- 
ance of the leaving group, relating to the fate of the overall 
reaction. 2-Bromoethyl phenyl sulfide (43) when treated with 
5-equivalents of sodium nitrite in DMF for 24 h at room tempe- 
rature gave a 62% yield of the nitro compound and none of the 
nitrite. As described earlier, when DMSO was used as solvent, 
the product £2 could, be obtained, without any formation of the 
undesired nitrite in 72% yields, at a reduced time span of 8 h 
at room temperature. Finally, it was established that the 
nucleophilic attack on the substrate determines the overall 
product composition in the sense that the nitrite does not 
rearrange to the nitro compound under the reaction conditions 
(CHART C. 34) . 



PhSCH 2 CH 2 N0 2 + PhSCH 2 CH 2 ONO 
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DMSO, rt 
Overnight 
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44 : ir 

nmr 


v (neat) cm -1 : 1640, 1280 (0N=0) . 

nlcLX 

6(CDC1 3 ), 60 MHz : 3.06 (t, 2 H, pHSCH 2 >, 4.45 
(t, 2 H, CH 2 0N=0), 7.25 (s, 5 H, aromatic). 


45 : bp 

nmr 


114°C/2 torr. 

6(CDCl 3 ), 60 MHz : 2.9-3.22 (m, 2 H, SCH 2 >, 

3. 4-3. 7 (m, 2 H, CH 2 C1), '7.2 (s, 5 H, aromatic). 


Since 2-nitroethyl phenyl sulfoxide (41) has been already 
demonstrated to fragment readily and quantitatively to nitro- 
ethylene on benzene reflux, the exceptionally facile route 
described for this compound from very easily available start- 
ing materials and obviating hazardous chemicals and procedures 
should further encourage the use of nitroethylene in organic 


synthesis. 
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PPM (<S) 60 MHz 
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PPM (6) 60MHz 




-och 3 
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OMe 


100 



PPM (6) 60MHz 
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O 

<X> 


PPM (6) 60MHz 
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PPM (6) 60MHz 




PPM (6) 60 MHz 
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1 


PPM (6) 60MHz 


CH 2 ~0-C~N ,C-0CH3 
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PPM (6) 60MHz 




PPM (6) 60MHz 






PPM (6) 60 MHz 



PPM (6) 60MHz 
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PPM (6) 60MHz 





PPM (6) 60 MHz 



PPM (6) 60MHz 


COOMc 







o 


q +D 


o 

CN 



PPM (6) 60MHz 
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E. EXPERIMENTAL 

Mel ting points and boiling points are uncorrected. Infra- 
red spectra were recorded on Perkin-Elmer Model 580 spectro- 
photometer either as neat liquids or as thin KBr discs. NMR 
spectra were obtained on 10-15% solutions in CDC1 3 or CC1 4 on 
a FT-R-600 instrument. The chemical shifts are recorded in ppm 
with TMS at 0,00 as Internal standard. Mass spectra were 
obtained on a Jeol Instrument. Elemental analyses were carried 
out In automatic C, H, N analysers. Silica gel G(ACME) was 
used for tic and also for column chromatography ( 100-200 mesh) . 
Reactions were monitored wherever possible by TLC . The organic 
extracts were invariably dried over anhydrous MgS0 4 and solvents 
evaporated in vacuo . 
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1 * ~ re?: ' arrttion of 4 ~ t Butyl I odoxybenz ene (l) 

a. 4- t Butyl Iodobenzene (2): 

A mixture of t-butyl benzene 45 ( 8 g, 59 mmol), iodine 
(6.35 g, 25 mmol), iodic acid (1.95 g, m mmol), glacial 
acetic acid (18 ml) and water (3 ml) was refluxed for 8 h, 
cooled to rt, decanted, the decanted portion admixed with 
water (30 ml) + methanolic potassium hydroxide (20%, 30 ml), 
refluxed for 0.5 h, cooled, the separated lower layer of 
4- t butyl iodobenzene washed with water (x 3) , dried (MgS0 4 ) 
and fractionated to give 11 g (71%) of 4- t butyl iodobenzene 
(?) , bp 1 14°C/0.05 torr. 

(neat) cm" 1 ; 1500, 1400, 1370, 1270, 820, 

iTioX 

720 . 

0 (CCl , ) , 60 MHz: 1.3 (s, 9 H, tert-butyl), 7.03 

4 

(d, J = 8 Hz, 2 H, aromatic), 7.52 (d, J = 8 Hz, 

2 H, aromatic). 

b, 4- t 8utyl Iodobenzene Dichloride (3): 

Dry chlorine was passed through an ice— salt cooled and 
vigorously stirred solution of 4- t butyl iodobenzene (2.6 g, 

1 mmol ) in dry hexane (15 ml) till an excess was present (~3 h) 
The yellow crystalline 4-Wyl iodobenzene dichloride (3) was 
filtered, washed sparingly with chilled hexane and dried. Yield 
3.2 q (97%), mp 84°C, stable, soluble in chloroform and benzene 


ir 


nmr x 
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1 V max ( KBr ) cm 1 i 1510, 1410, 1280, 830, 560. 

5 6 (CDC1 ^ ) , 60 MHz: 1.36 (s, 9 H, tert-butyl), 

7.46 (d, J = 8 Hz, 2 H, aromatic), 8.06 (d, J = 

8 Hz, 2 H, aromatic). 

c. 4- '"Butyl Iodoxybenzene (i) 

A floating yellow suspension of 4- t butyl iodobenzene 
dichloride (3) (10 g, 30 mmol) on freshly prepared aqueous 
NaOCl (75 ml, prepared from 75 ml, 5 N NaOH and 12 g Cl 2 ) and 
glacial acetic acid (0.2 ml) was maintained at rt for 1.5 h, 
with intermittent shaking when a heavy yellow precipitate was 
formed. The mixture was kept at 60-70°c, with intermi ttant 
shaking, for additional 0.5 h, during which froathing takes 
place and the heavy yellow precipitate transformed to light, 
white, 4- t butyl iodoxybenzene (l) . The, reaction mixture was 
cooled in an ice bath, filtered, washed thoroughly with water, 
chloroform (50 ml), air dried and finally dried in a vacuum 
desiccator to give 7.5 g (86%) of 4- t butyl iodoxybenzene ( 1.) , 
mp 217~221°C (explodes!). 

v (KBr) cnfS 1620, 1490, 1470, 825, 550. 

max 

calcd. for (Mol. wt. 292): 

C, 41.09; H, 4.45%. 

Pound: C, 40.80; H, 4.31%. 


ir * 
Anal « 


ir 

nmr 
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11 ' Reaction of 4- t Butyl Iodoxybenzene U) with Bis- 
g,y c l 9 hex y^idenet isolation of Cyclohexanone : 

Bls-Cyclohexylldene 

a. Cyclohexanone Azine: 

To a stirred solution of cyclohexanone (25 g, 255 mmol) 
in ethanol (60 ml) was added, during 20 min, a solution of 
hydrazine hydrate (98%, 6.2 g) in ethanol (15 ml). The mixture 
was gently refluxed for 3 h, cooled, stored at 17°C for 16 h, 
solvents evaporated, poured on to water (150 ml), extracted with 
ether, dried (MgSO^) , solvents evaporated and the residue on 
crystallisation from hexane gave 32 g (66%) of cyclohexanone 
azine, mp 29~3l°C (lit. 46 mp 32-32. 5°c) . 

b. Cyclohexanespiro-2 *-l ' , 3 ' , 4 '-thiadiazolidine-5 '-spiro- 

cyclohexane 

' ' ■ ■' ■ ' | 

, ;■ . I 

Gaseous hydrogen sulfide was passed through an ice cooled 
and stirred solution of cyclohexanone azine (2.51 g, 13 mmol) 
in ace tone: benzene (1:1, 10 ml) till an excess was present 
(~3 h) . Solvents were evaporated to yield 2.5 g (84%) of thia- 

diazolldine, mp 9l°C (lit. 46 mp 91-93 C) . | 

c. 2 • , 5 '-Dihydrocyclohexane Spiro-2 ' -1 ' , 3 ' , 4 '-thiadiazine-5 j 

spirocyclohexane : ; 

Powdered calcium carbonate (6 g) was suspended in hexane 
(bp 60-80°C, 100 ml), admixed with freshly prepared lead 

I 
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4 7 

t-.F: t r r J Kt C f? t t«t* (6 g, and left stirred at 0 O for 0>25 h> To 

thir, ire-cooled and stirred suspension was added, in drops, a 
solution of the above thiadiazolidine (2 g, 9 mmol) in hexane 
(IOC nu ) . The mixture was allowed to warm to 18°, left stirred 
for a further 1.5 h, decomposed with saturated NaHCO ^ (100 ml), 
filtered; the organic layer, dried (MgSO^), solvents evaporated 
anu the residue on crystallization from hexane gave 1.6 g (80%) 
of azo- sulfide product, mp 78-79°c (lit. 46 mp 80-81°c) . 

ir * v (KBr) cm -1 : 1575. 

filet X 

d. Hi s-cycl ohexyl idene ; 

An intimate mixture of the above azo-sulfide (1.22 g, 

5 mmol ) and triphenyl phosphine (1.58 g, 6 mmol) was held at 
100°C for 2 h, cooled and chromatographed on silica gel . Elution 
with hexane gave 0.65 g (73%) of bis-cyclohexylidene, mp 51- 

53°C (lit. 48 mp 54-55°C) . 

e. Reaction of bis-cyclohexylidene with (1): Isolation of 

cycl ohexanone : 

A stirred mixture of 4- t butyl iodoxybenzene (0.730 g, 

2.5 mmol) and bis-cyclohexylidene (0.328 g, 2 mmol) and chloro- 
benzene (10 ml) was held at 130 C for 2 h, cooled and chromato 
graphed on silica gel. Elution with hexane gave 0.6 g (91%) of, 

2 and with hexane : benz ene (1:1) 0.231 g (59%) of cyclohexanone 
characterised as its 2-.4-DNP derivative mp 158-159°C, whose- 
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lr was Identical to that of an authentic sample (lit. 49 

mp 1 62°C) . 

^ 1 ^ * ^?. act don of 4- Butyl Iodoxybenzene with E-Stilben e : 

I solation of Benzaldehyde and Benzil : ~ ™~ 

<r* stirred mixture of 4- Duty 1 iodoxybenzene (l) (0.584 g, 

2 mmol ) and E— stilbene (0.180 g , l mmol) in chlorobenzene 
(8 ml 5 was held at 140°C for 6 h, cooled and chromatographed 
on silica gel. Elution with hexane gave 0.5 g (94%) of 2 and 
with hexane: benzene (l:l) 0.142 g (67%) of benzaldehyde- charac- 
terised as its 2*4 DNP derivative mp 240°C whose ir was identi- 
cal to that of an authentic sample and with benzene: ethyl acetate 
(9*1) 0.041 g (20%) of benzil, mp 93°C (lit. 50 94-95°C) . 

IV. Reaction of 4- t Butyl Iodoxybenzene U) with 9-Benzylidene 
FI uoren e * Isolation of Fluorenone and Benzaldehyde: 

A stirred mixture of 4- t butyl iodoxybenzene (1) (0.146 g, 

0.5 mmol ) » 9-toenzylidene fluorene (0.127 g, 0.5 mmol) and 
chlorobenzene (8 ml) was held at 170-180°C for 7 h. chromato- 
graphy on silica gel and elution with hexane gave 2 (92%), with 
hexane: benzene (19:1)/ 0.045 g (50%) of fluorenone, mp 83 C 
(lit. 51 mp 82-85°C) followed by 0.024 g (45%) of benzaldehyde 
characterised as its 2:4-DNP derivative, mp 239-240°C. The ir 
was Identical to that of an authentic sample. 

ir . v (KBr) cm” 1 : 1710 (C=0) , fluorenone. 

****** * 
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ir 


y max ^ KBr) cm 1: 1630, 1595, 1425, 2:4 DNP 

derivative. 


V * - eactlon of 4 ~ t Butyl Iodoxy benz ene (l) with Diphenyl 
Ac .g. t y lene in Nitrobenzene: Isolation of Benzil : 

A stirred mixture of 4- t butyl iodoxybenzene U) (0.438 g, 
1.5 mmol), diphenyl acetylene (0.178 g, i mmol) and nitro- 
benzene £2 ml) was held at 140-170°C for 10 h, cooled and 
chromatographed on silica gel. Elution with hexane: benz ene 

(1:9) gave 0.119 g (57%) of benzil, mp 92-94°C (lit. 50 mp 94- 

o 

95 C) * The ir was identical to that of an authentic sample. 

ir * V max (KBr) cm” 1 : 1660 (C=0) , 1590, 1580, 1445, 
1210, 1170. 

t 

VI. Reaction of 4- Butyl Iodoxybenzene (l_) with Diphenyl 
Acetylene in Chlorobenzene: Isolation of Benzil ; v 

A stirred mixture of 4- t butyl iodoxybenzene (1.168 g, 

4 mmol) , diphenyl acetylene (0.356 g, 2 mmol) and chlorobenzene 
(8 ml) was held at 140-170°C for 18 h, cooled, chlorobenzene 
evaporated in vacuo and the residue chromatographed on silica 
gel . Elution with hexane gave 2 (91%) and with hexane: benzene 
(li9) 0.275 g (66%) of benzil, mp 94°C (lit. 50 mp 94-95°C) . The 
ir was identical to that of an authentic sample. 

£j. t v (KBr) cnT 1 : 1660 (C=0), 1590, 1580, 1445, 

IIISX . 

1210, 1170. 
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VII# — -- lcn o£ ^~ t But yl Iodoxybenz ene with Phenanthrene :. 
IsolatlQii of 9, 10-Phenanthrenequlnone ; 

A stirred mixture of 4- t butyl iodoxybenzene (0.584 g, 

2 mmol), phenanthrene (0.178 g, \ mmol) and chlorobenzene (5 ml) 
was held at 130-140°C for 10 h, cooled, chlorobenzene evapora- 
ted ana the residue chromatographed over silica gel. Elution 
with hexane gave 4- t butyl iodobenzene (2) 0.531 g (97%) and 
with benzene* ethyl acetate (9 * 1 ) 0.156 g (75%) of 9, 10— phenan— 

threnequinone which was crystallised from ethanol, mp 208°C 

52 o 

(lit. mp 209-211 C) . The ir spectrum was identical to that 

of an authentic sample. 

ir * V „ (KBr) cm” 1 : 1670 (C=0), 1590, 1450, 1280. 

tTiclX 


VIII. Reaction of 4- t Butyl Iodoxybenzene ( !_) with Anthracene : 

Isolation of 9, IQ-Anthraqulnone : 

A stirred mixture of 4- t butyl iodoxybenzene (0.292 g, 

1 mmol) anthracene (0.089g, 0.5 mmol) and nitrobenzene (4 ml) 
was hold at 130°C for 7 h, cooled and chromatographed on 
silica gel. Elution with hexane: benzene (1:4) gave 0.061 g 
(59%) of anthraquinone which on crystallisation- from benzene 
gave pale yellow needles, mp 282 C (lit. mp 284-285 C) , the 
ir Of which was identical to that of authentic sample. 

£ r tV (KBr) cm 1 : 1662 (C=0) , 1275, 930, 805, 

max 

685. 


f 

i 

i 
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IX * of 4- t Butyl I odoxy benzen e ( 1 ) with Tetralin: 

Isolation of g-Te tralonei ~ : 

A sUrred of 4-^Butyl iodoxybenzene (0.438 g. 

1.5 mmol), tetralin (1.32 g, 10 mmol) and chlorobenzene (10 ml) 
was held at 140°c for 6 h, cooled, chlorobenzene evaporated 
in vacuo and the residue chromatographed on silica gel. Elution 
with hexane gave 2 (97%) and with benzene: hexane (in) 0.130 g 
(60%) of. a-tetralone whose ir and nmr were identical to that of 
an authentic sample, m this experiment 0.5 g of unchanged 
tetralin was isolated. 

ir * V „ av (neat) cm” 1 : 1675 (C=0) . 

max 

nmr i 6 (CCl^) , 60 MHz: 2.45 (m, 6 H, methylene protons) 
7.45 (m, 4 H, aromatic). 

t 

X. Reaction of 4- Butyl Iodoxybenzene (l) with Camphene in 
nl trobenzenc : Isolation of camphenllone 

A stirred mixture of 4- t butyl iodoxybenzene (0.292 g, 

1 mmol), camphene (0.068 g, 0.5 mmol) and nitrobenzene (5 ml) 
was held at 145°C for 8 h, cooled and chromatographed on 
silica gel. Elution with hexane: benzene (1:1) gave 0.043 g 

(63%) of camphenilone whose ir was identical to that of an 

54 

authentic sample . 

ir t „ (neat) cm” 1 : 1740 (C=0), 1660, 1470. 
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XI * _ n gf^-Wyl Iodoxybenzene (i) wit h Camphene in 

Chi orob^naenet Isolation of CamphentW ^ 

A stirred mixture of 4~ t Butyl iodoxybenzene (0.292 g, 

(1 trmol ) # camphene (0.136 g, 1 mmol) and chlorobenzene (5 ml) 
war held at 240-l60°C for 10 h, cooled, chlorobenzene evapora- 
ted and the residue chromatographed on silica gel. Elution 
with hexane gave unchanged camphene (0.036 g) and with benzenes 
hexane (1*1) 0.065 g (48%) of camphenilone whose ir was identi- 
cal to that of an authentic sample. 54 

ir t v (neat) cm -1 * 1740 (c=0) . 

incut 

4 * 

XII. Reaction of 4- Butyl Iodoxybenzene (l.) Supported on 

Sil ica gel with Aniline* Isolation of Azobenzene : 

A slurry of 4- t butyl iodoxybenzene (0.438 g, 1.5 mmol), 
aniline (0.093 g, 1 mmol), activated silica, gel (20 g, 100- 
200 mesh) and methylene dichloride (25 ml) was maintained at 
0°C, with intermittant shaking for 10-20 min. The reaction 
mixture was allowed to warm to rt and put on the column. 
Elution with benzene* ethyl acetate (1*1) gave 0.082 g (67%) 
of azobenzene which was crystallised from aqueous ethanol, 
mp 60°C. The ir spectrum was identical to that of an 

authentic sample. 

ir » v (KBr) cm” 1 : 1590 .(-N=N-) , 1550, 1490, 1460, 

A max 

940# 790. 
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nrr ‘ r : 6 (CDC1 3 ) , 60 MHz: 7.39 (m, 6 H, 3, 5, 3 ' , 5 ' , 4, 4 ' -m, p- 

arornatic protons), 7.8 (m,- 4 H, 2, 6, 2 1 , S '-o-aromatic 

protons) . 


XIII. Pcactlon of 4-^Butyl Iodoxybenzene (jL) with N-Benzoyl 
Methionine Methyl Ester (4) : Isolation of Sulfone (5 ) 
Sulfoxide (6) , Sulfenlc Acid (7), N-Benzoyl Aspartic Acid 
Dimethyl Ester (8) and Sulfenic Ester (9) : 


A stirred solution of 4 (0.801 g, 3 mmol) in chlorobenzene 
(20 ml 5 was admixed with 4- t butyl iodoxybenzene (1.314 g, 4.5 


mmol), refluxed for 3.5 h until clear solution was obtained, 
cooled, solvents evaporated in vacuo , the residue triturated 
with a saturated solution of sodium bicarbonate (20 ml) for 3 h, 
extracted with ethyl acetate (3 x 15 ml), the ethyl acetate 
extract combined, dried (MgS0 4 ) , solvents evaporated and the 
residue (1.5 g) chromatographed over silica gel. Elution with 
hexane gave 0.680 g (59%) of 4- t butyl iodobenzene and with 
benzene jethylacetate (3:7), 0.255 g (29%) of (5) which on crys- 
tallisation from benzene: hexane gave white crystals, mp 106 C. 


ir * 


nmr : 


m/z * 


y 

(KBr) 

-1 

cm : 

3300 

(NH), 

max 




1520, 

, 1290, 1230, 

1120 

(S° 2 

6 (CDC1 3 ), 

, 60 MHz 

: 2.9 

(s. 

(m# ‘ 

4 H, - 

“CH 2 c S 2 - 

), 3. 

75 (s 

(q. 

1 H, ' 

tert-proton) , 

7.1- 

299 

(M + ), 

240 (M 4 

' - COOMe) , 

161 

[M + - 

(COOMe 

+ S0 2 

,Me) ], 



1730 (C=0) , 1630, 

). 

3 H, S0 2 CH 3 ), 3.0-3.41 
, 3 H, C00CH 3 ), 4.9 
7.9 (m, 5 H, aromatic). 
220 (M + - S0 2 Me) , 

194 (M + - COPh) . 
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Ana] * Calcd * for C 13 H i 7 N0 5 S (Mol. wt. 299): 

C, 52.17; H, 5.68; N, 4.68%. 

Found: C, 51.68; H/ 5.39; N, 4.37%. 

further elution with benzene : ethyl acetate (3:7) gave 
v’.hFv: i ( i 1%) of (7) which on crystallisation from benzene: 

hexane gave white needles, mp I32°c. 

lF * v max cm" 1 : 3300 (NH) , 1725 (C=0) , 1525, 

1320, 1240, 1030, 700. 

nmr : 6 (CDC1 3 ) , 60 MHz: 2.8-3.25 (m, 4 H, -CH 2 CH 2 ~) . 

3.8 (s, 3 H, -COOCH^), 4.9 (q, 1 H, tert-proton) , 
7.20-8.12 (m, 5 H, aromatic). 

m/z * 269 (M + ), 268 <M + - l), 220 (M + - SOH) . 

Anal. Calcd. for C l2 H l5 N0 4 S (Mol. wt. 269) : 

C, 53.53; H, 5.57; N, 5.20%. 

Found* C, 53.42; H, 5.36; N, 5.08%. 

Finally, elution with benzene: ethyl acetate (1:4) gave 
0.304 ( 36%) of (6) as a colorless thick liquid. 

4 r * v (neat) cm 1 : 3300 (NH), 1730 (C=0) , 1635, 

max 

1525, 1220, 1030 (SO). 

nmr t 6 <CDC1 3 ), 60 MHz: 2.56 (s, 3 H, SOCH3), 2.63-3.10 
(m, 4 H, -CH 2 CH 2 -) , 3.73 (s, 3 H, COOCH-j), 4.85 
(q, 1 H, tert-proton), 7. 3-8.0 (m, 5 H, aromatic). 

m/z t 283 (M + ), 284 (M + + l) . 
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Anal * Calcd * c 13 H l7 N0 4 S (Mol. wt. 283): 

C# 55.12; H, 6.00; N, 4.94%. 

Found: C# 55.25; H, 6.13; N, 4.56%. 

The bicarbonate extract (vide supra ) was cooled, filtered, 

acidified with 2 N H 2 S0 4 , saturated with solid sodium chloride 

and extracted with ethyl acetate (3 x 15 ml). The ethyl acetate 

extracts were combined, dried (MgS0 4 ) , solvents evaporated in 

vacuo , the residue ( 0.201 g), esterified with diazomethane and 

chromatographed over silica gel, elution with benzene: ethyl 

acetate (3*2) gave 0,050 g (7%) of (8) whose ir and nmr was 

55 

identical to that of an authentic sample. 

ir i V (neat) cm" 1 * 3320 (NH) , 1725 (ester) , 1670, 

max 

1470. 

nmr * 6 (CDCl-j), 60 MHz: 2.85-3.1 (m, 2 H, -CHj)# 3.6 

(s, 3 H, £-COOCE 3 ), 3.7 (s, 3 H, a -COOCH3 ) , 4.82 
(q, 1 H, tert-proton) , 7. 2-8.0 (m, 5 H, aromatic) . 

Further elution with benzene: ethyl acetate (1:1) gave 

0.105 g (12%) of (9) as a thick yellow liquid. 

ir . v (neat) cm' 1 : 3400 (NH) , 1730 (ester), 1667, 

max • 

1535# 1235# 1010# 725. 

nrnr I 6 (CBCI3), 60 MB»l 2.53 (s, 3 H. SOCH3) , 2.62- 
3.17 (m, 4 H, -qi 2 CH 2 -). 3.73 (s, 3 H. COOCH3), 
4.6 <q, 1 H, tert-proton), 7.3-8.07 (m, 5 H, arc- 

matic) . 
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283 (M*), 284 (M + + l) . 

C«lcd. for C 13 H n N0 4 S (Mol. wt. 283): 

C» 55.12; H, 6.00; N, 4.94%. 

Found: C, 55.07; H, 5.82; N, 4.61%. 

t 

XIV. fraction of 4- Butyl lodoxybenzene (1_) with N- Benzyl oxy- 
carbonyl Methionine Methyl Ester (13) : Isolation of 

Sul fone (14) and Benzyl Carbamate (15) : 

To a stirred solution of (13) (0.240 g, 0.808 mmol) in 
Chlorobenzene (15 ml) was added (1) (0.284 g, 0.972 mmol). The 
mixture was held at 140°C until the thick slurry completely 
dissolved (2.5 h) . The mixture was cooled, solvents evaporated 
in vacuo , the residue triturated for 3 h with a saturated solu- 
tion of sodium bicarbonate (20 ml), extracted with ethyl acetate 
(2 x 20 ml) * the ethyl acetate extracts combined, dried (MgS0 4 ) , 
solvents evaporated and the residue chromatographed over silica 
gel. Elution with hexane gave 0.180 g (72%) of 4-Wyl iodo- , 
benzene (?) and with benzene. ethyl acetate (1:4), 0.044 g (36%) 
Of benzyl "carbamate (15) which on crystallisation from benzene 

gave white needles, mp 84 c * 

lr , „ ra9x (KBr) cm' 1 . 3410. 3200, 1685. 

nmr . 6 (CDClj). 60 <«*• 5 ' 13 (s ' 2 H ' ' 0C S 2 ph >' 7 ' 32 

(a, 5 H, aromatic) . 

m/z . 151 <«*>, W7 <M + -C0 B H 2 >. 


it/,- j 
r na 1 . 
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FUrthSr elution with benz ene : ethyl acetate (1:1) gave 

0.150 g (57%) of (14) which on crystallisation from hot benzene 

gave colorless prisms, mp 89°c* 

ir : V max (KBr) cm 1; 3310 (NH) , 1725, 1680 (C=0) , 1520, 
1310, 1240, 1120 (S0 2 ). 

nmr : 6(CDC1 3 ), 60 MHz: 2.38 (m, 2 H, -CH 2 CH 2 CH-), 2.88 

(s, 3 H, S0 2 CH 3 ), 2.93-3.38 (m, 2 H, -CH 2 CH 2 S0 2 Me) , 
3.76 (s, 3 H, -C00CH 3 ), 4.53 (m, 1 H, tert-proton) , 
5.09 (s, 2 H, -0CH 2 Ph) , 5.78 (d, 1 H, NH-CH-), 7.31 
(s, 5 H, aromatic). 

m/z : 329 (M + ) , 330 (M + + 1), 191 (M + - COOMe - S0 2 Me) . 

Anal. Calcd. for C 14 H l9 N0 6 S (Mol. wt. 329): 

C, 51.06; H, 5.77; N, 4.25%. 

Found: C, 50.84; H, 5.86; N, 4.01%. 

XV* Reaction of Z-Gly-Met-OMe (17_) with 4-^Butyl Iodoxybenzene 
(JO : Isolation of Sul f one (18) and Sulfoxide (19) : 

a. Met-OMe.HCl : 

Thionyl chloride (7 ml, 95 mmol), in drops, followed by 
L-methionine (10.4 g, 70 mmol) was added to stirred and ice- 
cooled anhydrous methanol (70 ml). The reaction mixture was 
slowly allowed to attain rt, left stirred overnight, the clear 
solution evaporated and the residue on crystallisation from 
absolute methanol-dry ether gave 11.2 g (80%) of Met-OMe.HCl 
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as white needles, mp 149-i50°c (lit. 56 rap I51°c) . 

b. Met-OMe: 

Triethyl amine (3.6 ml, 26 mmol) was added, in drops, 
to a stirred and ice-cooled solution of Met-OMe. HCl (5 g, 

25 iwnol ) in dry CH 2 C1 2 (60 ml). The mixture was left aside 
for 0.5 h washed with cold water (2 x30 ml), dried (MgS0 4 ) , 
evaporated and the thick yellow residue of Met-OMe (3.3 g, 83%) 
was used as such in the following experiment. 

c, Z-Gly-Met-OMe: 

1 -Hydroxy benzotriazole (HOBt) (1.35 g, 10 mmol) followed 

by DCC (2.1 g, 10 mmol) was added to a stirred solution of 

SI 

Z-Gly (2.09 g, 10 mmol) in dry CH 2 C1 2 (20 ml). A solution 
of Met-OMe (1.63 g, 10 mmol) in dry CH 2 C1 2 (10 ml) was then 
added, the mixture left stirred overnight at rt, filtered, 
washed with CK 2 C1 2 (2x15 ml), the filtrate and washings evapo- , 
rated, the residue dissolved in CH 2 Cl 2 , washed with 2 N HCl 
(2 x 15 ml), saturated NaHC0 3 (20 ml), saturated NaCl (2 x30 ml), 
dried (MgSG 4 ) , solvents evaporated in vacuo and the resulting 
thick yellow residue (3.2 g) chromatographed on silica gel. 

Elution with ethyl acetate sbenzene (1:1) gave 2.6 g (74%) 
Of Z-Gly-Met-OMe (17) as a viscous liquid. 

ir > V (neat) cm" 1 : 3350 (NH), 1740 (ester), 1680 

max 

(amide). 
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nmr : 6(CDC1 3 ), 60 MHz: 2.06 (s, 3 H, SCH 3 ), 2.46 (m, 

4 H ' ~ C — 2 C — 2^ CH 3 ^ ' 3 * 7 3 H, -COOCH 3 ), 3. 8-4. 2 

(m, 2 H, -NHCH^CO-), 4.7 (d, 1 H, tert-proton) , 5.1 

(s, 2 H, -0CH 2 Ph), 5.67 (br, 2 H, -NH-), 7.3 (s, 5 H 

aromatic) . 

Vz : 354 (M + ), 355 (m + + i) . 

Anal. Calcd. for C 16 H 2 2 N 2 ° 5 S ( M °l. wt. 354): 

C, 54.23; H, 6.21; N, 7.90%. 

Found: c, 54.01; H, 6.70; N, 7.76%. 

d. Reaction of z-Gly-Met-OMe ( 17 ) with ( l ) : 

To a stirred solution of (17) (1.416 g, 4 mmol) in 

chlorobenzene (30 ml) was added (1) (1.460 g, 5 mmol) at rt. 

The mixture was held at 80-90°C for 1.5 h, cooled, solvents 
evaporated in vacuo and the residue chromatographed over 
silica gel. Elution with ethyl acetate :methanol (98:2) gave 
0,400 g (26%) of sulfone (18) as a thick syrupy liquid. 

ir : v (neat) cm 1 : 3340 (br, NH) , 1735 (ester), 

max 

1680 (amide), 1300, 1140 (S0 2 ). 

nmr * 6 (CDCl 3 ) , 60 MHz: 2.83 (s, 3 H, -S0 2 CH 3 ), 2.92-3.44 
(m, 4 H, — CHCH 2 CH 2 S0 2 ”) , 3.7 (s, 3 H, COOCH ^) , 3.77 
4.72 (m, 3 H, -CH 2 C0NHCH- ) , 5.05 (s, 2 H, -OCH 2 Ph) , 
5.94 (br, 2 H, 2 xNH) , 7.26 (s, 5 H, aromatic). 

m/z . 386 (K + ). 387 <M + + 1> , 307 (M + - SO^Hj) , 279 
(M + - 0CH 2 Ph). 
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Anal. Calcd. for 


C 16 H 22 N 2°7 S (Mol. wt. 386): 


C ' 49.74; H, 
Pound: C, 49.69; H, 

Further elution with ethyl 
0.0620 g (42%) of sulfoxide ( 19 ) 


5.69; N, 7.25%. 

5.42; N, 7.24%. 

acetate jmethanol ( 1 : 1 ) gave 
as a thick syrupy liquid. 


* V max ( neat ) cm 1 ; 3320 (br, NH) , 1740 (ester), 
1670 (amide), 1045 (so) . 


nmr : 6 (CDC1 3 ) , 60 MHz: 2.51 (s, 3 H, SOCH 3 ) , 2.58-3.28 

(m, 4 H, -CHCH 2 CH 2 SO-) , 3.7 (s, 3 H, COOCH 3 ), 3.88 
(m, 2 H, -NHCH 2 C0-) , 4.78 (m, 1H, -NHCHCH 2 ~) , 5.08 
(s, 2 H, -0CH 2 Ph) , 5.98 (br, 2 H, 2 xNH) , 7.23 (s, 
5 H, aromatic) . 

rr/z : 370 (M + ), 307 (M + - S0CH 3 ), 263 (M + - OCI^Ph) . 

Anal. Calcd. for c l6 H 2 2 N 2 0 6 S ^ Mo1 * wt * 370): 

C, 51.89; H, 5.94; N, 7.56%. 

Found: C, 51.80; H, 5.62; N, 7.31%. 

t 

XVI. Peaction of 4- Butyl Iodoxybenzene (1^) with N-Carbobenz- 
oxy(S -benzyl) cysteine Methyl Ester (20) i Isolation of 
Sul f One (21 ) , Sulfoxide (22) and Azlactone (23) : 

A stirred solution of (2_0) (0.359 g, 1 mmol) in chloro- 
benzene (15 ml) was admixed with (1) (0.438 g, 1.5 mmol), 
refluxed for 1.5 h, cooled, solvents evaporated, the residue 
triturated with saturated aq. NaHC0 3 (30 ml) for 3.5 h. 
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extracted with ethvl =n a i , , 

=cnyi acetate (3 x 20 mi 1 4 -w^, , , 

' x ^ u mi '' the ethyl acetate 

extracts co mMned , drled ^ ^ 

resicue c h ro ma tc gra p h e d over sUica gel . Elution with hexane 

oave 0.2 56 a (66°/^ n , 

2 and with benzene, 0.068. g (18%) of 

sul fone (21) which on crvstain„f 

Y lisation from benzene j.hexane gave 

colourless crystals, mp 174 °c. 

ir * ^max (KBr) cm 1 s 3315 (NH) , 1730 (ester), 1685, 
1300, 1250, U30 (S0 2 ), 1050. 

rimr s 6 (CDC1-), 60 MHz* 3 6 ( n o u oo ^ \ 

3" ou unz. j.b (d, 2 H, S0 2 CH 2 CH-), 3.71 

(s, 3 H, C00CH 3 ), 4.2 (s, 2 H, CH 2 Ph) , 4.72 (m, 

1 H, tert-proton) , 5.08 (s, .2 H, OC^Ph), 5.9 

(br, 1 H, NH-), 7.3 (s, 10 H, aromatic). 

m/z s 391 (M + ) . 


Anal. Calcd. for C^H^NOgS (Mol. wt. 391): 

C, 58.31; H, 5.37; N, 3.58%. 

Founds C, 58.22; H, 5.39; N, 3.22%. 

Further elution with benzene: ethyl acetate (7:3) gave 
0.111 q (30%) of sulfoxide (22) which was crystallised from 
hot benzene to give white needles, mp 119-12l°C. 

ir 1 V max (KBr) cm ~ 1: 3310 (NH)# 1730 ( ester )/ 1685, 
1265, 1030 (SO). 

nmr : 6(CDCl 3 ), 60 MHz: 3.06 (d, 2 H, -S0CH 2 CH-) , 3.61 

(s, 3 H, C00CH 3 ), 3.91 (s, 2 H, S0CH 2 Ph) , 4.57 (br. 
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1 H ' C H-), 5.01 <s, 2 H, OCH 2 Ph), 6.11 (br, 1 H, 
7.2 (s', io H, aromatic) . 

m/2 * 375 (M+ >' 236 (M + - S0CH 2 Ph) . 

Calcd. for CjgH^NOgS (Mol. wt. 375). 

C, 60.80; H, 5.60; N, 3.73%. 

Found: C, 60.28; H, 5.77; N, 3.43%. 


Finally elution with benzene s ethyl acetate (7:3) gave 
0.025 g (8%) of azlactone (23) which on crystallisation from 
benzene gave colorless crystals, mp 112-114°c. 

nmr * 6(CDC1 3 ), 60 MHz: 3.04 (m, 2 H, S0CH„-C^), 3.93 

2 

(S, 2 H, S0CH 2 Ph) , 4.97 (s, 2 H, 0CH 2 Ph) , 7.2 (s, 

10 H, aromatic) . 

The NaHC0 3 extract was cooled, filtered, acidified with 
2 HjSO^ , saturated with solid NaCl and extracted with ethyl 
acetate { 3 x 20 ml). The ethyl acetate extracts were combined, 
dri#*<r? (MgSO^j ) , solvents evaporated, the acidic residue (0.046 g) 
ester i f J ed with diazomethane and chromatographed over silica gel. 
Elution with benzenes ethyl acetate (7:3) gave 0.028 g (7%) (22), 
mp 120-121°C. 


XVII. Reaction of N-Benzoyl Serine Methyl Ester (2J5) with 


4- ^Bu tyl Iodoxybenzene (l)t Isolation of Dehydro alani ne 
(26) and Benz amide: 


a. Ser-OMe.HCl: 

Dry HCl was passed through a suspension of L- serine 


(5.25 g, 50 mmol) in dry MeOH {:40 ml) for l h, the resulting 
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clear solution evaporated in vacuo , the residue admixed with 
dry MeOH (~20 ml), subjected to passage of HC1 for additional 
0.5 h, solvents evaporated, the residue crystallised from dry 
MeOH ether, filtered, washed with dry ether and dried in vacuo 
over KOH to give 6.6 g (85%) of Ser-OMe.HCl, mp 165-166°C 
(lit. 57 mp 166°C). 

* r 1 ^max ^ KBr ) cm 1 : 3200 (very broad, -OH, -NH^) , 

1740 (ester) . 

b. Bz-Ser.OMe: 

Benzoyl chloride (4.5 ml, 38 mmol) was added, in drops, 

to an ice cooled and stirred solution of Ser-OMe.HCl (6 g, 

38.4 mmol) in saturated NaHCO^ (**300 ml) keeping the medium 

basic throughout. The reaction mixture was left stirred for 

3 h, extracted with ether (3x100 ml), dried (MgS0 4 ), solvents 

evaporated and the residue on crystallisation from PhH:hexane 

o 58 

gave (6.85 g (80%) of Bz-Ser-OMe (25), mp 84-85 C (lit. 

mp 86°C) . 

c. Reaction of (25) with (1): 

A stirred solution of (25) (0.892 g, 4 mmol) in chloro- 
benzene (20 ml) was admixed with ( 1_) (1.752 g, 6 mmol), held 
at 140°C for 6 h, cooled, solvents evaporated, the residue 
triturated with a saturated solution of NaHC0 3 (30 ml) for 3 h, 
extracted with ethyl acetate (3 x 20 ml) the ethyl acetate 
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extracts combined, dried (MgS 0 4 ), 
residue d.582 g) chromatographed 
with hexane gave 0.696 g ( 45 %) of 

(55%) of (26) as a thick liquid. 


solvents evaporated and the 
over silica gel. Elution 
(2) and with benzene 0.445 g 


^max ( neat ) cm 1 i 3393 (nh) , 1710, 1670 (C=0) . 
nmr : 6(CDC1 3 ). 60 MHz : 3.8 (s, 3 H, -COOCH^) , 5.9, 6.7 
(br, br, 1 H, u, olefine), 7. 1-7.9 ( m , 5 H , 
aromatic) , 8.4 (br, i h, ~nh) . 

m/z ! 205 (M + ), 206 (M + + 1), 146 (M + - COOMe) . 

Anal. Calcd. for C n H n N0 3 (Mol. wt. 205): 

C, 64.39; H, 5.36; N, 6.82%. 

Pound: C, 64.18; H, 5.24; N, 6.61%. 

Further elution with benzene : ethyl acetate (3:7) gave 
0.160 g (34%) of benzamide, mp 126°C. 


d. Thermolysis of (25) without ( jl) * 

A solution of (25) (0.446 g, 2 mmol) in chlorobenzene 
(10 ml) was held at 140°C for 10 h, cooled, and solvents eva- 
porated to yield 0.446 g (100%) of unchanged (25). 


XVIII. Reaction of Bz-Phe-OMe (22) with 4- t Butyl Iodox y- 
benzene (JL) : Isolation of Bz-Asp-di-OMe (8) : 


A stirred solution of (22) (0.283 g, 1 mmol) in chloro- 
benzene (10 ml) was admixed with (1_) (0.438 g, 1.5 mmol). 
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held at 140-160°C for 8 h, cooled, solvents evaporated, the 
residue triturated with saturated aq. NaHCOj (15 ml) for 3.5 h, 
extracted with ethyl acetate (3x15 ml), the ethyl acetate 
extracts combined, dried (MgS0 4 ), solvents evaporated and the 
residue (0.532 g) chromatographed over silica gel. Elution 
with hexane gave 0.316 g (81%) of (2) and with benzenesethyl 
acetate (7:3) 0.182 g of unchanged (27). 

The bicarbonate extract was cooled, filtered, acidified 
with 2 N H 2 S0 4 , saturated with solid NaCl and extracted with 
ethyl acetate (3 x 20 ml). The ethyl acetate extracts were 
combined, dried (MgSO^), solvents evaporated, the acidic 
residue (0.098 g) esterified with diazomethane and chromato- 
graphed over silica gel. Elution with benzene: ethyl acetate 

(1*4) gave 0.035 g (14%) of (8) , identical with an authentic 

55 

sample. 

XIX. Reaction of N-Carbobenzoxy Histidine Methyl Ester (28) 
with 4- ^ Butyl Iodoxybenzene (jL) : Isolation of (2_9) and 
Benzyl Carbamate (15) : 

A stirred soluion of (28) (1.06 g, 3.5 mmol) in chloro- 
benzene (30 ml) was admixed with (1_) (1.022 g, 3.5 mmol), 
refluxed for 7 h, cooled, solvents evaporated and the residue 
chromatographed over silica gel. Elution with hexane gave 
0.580 g (64%) of (2) and with benzene : ethyl acetate (1:1) 

0.157 g (30%) of (15), mp 84°C. 



159 


Further elution with benzene : ethyl acetate (3:7) gave 
0.442 g (38%) of (29) which on crystallisation from ethyl 
acetate i hexane gave light yellow crystals, mp 175°C. 

ir * ’'max (KBr) cm_lj 33 20 (NH) 1750 (ester), 1725 
(CHO), 1695 (amide). 

nmr : 6(CDC1 3 ), 60 MHz: 3.12 (m, 2 H, -CHCH 2 CH-), 3.7 

(s, 3 H, C00CH 3 ), 4.42 (m, 2 H, 2xCH), 5.07 (s, 

2 H, 0CH 2 Ph), 5.6 (br, 2 H, CONH^, 6.71 (br, 2 H, 

2 xNH) , 7.28 (s, 5 H, aromatic), 8.16 (s, 1 H, 

CHO) . 

m/z : 337 (M + ), 338 (M + 4 l) , 278 (M + - COOMe), 246 
(M + - CH 2 Ph), 230 (M + - 0CH 2 Ph). 

XX. Reaction of N-Benzoyl Tryptophan Methyl Ester (3C0 with' 
4- t Butyl Iodoxybenzene (lj : Isolation of yfi-Benzoyl-N- 
formyl-Kynurenine Methyl Ester (31) : 

A stirred solution of (30) (0.644 g, 2 mmol) in chloro- 
benzene (8 ml) was admixed with (l) (0.876 g, 3 mmol), refluxed 
for 4 h, cooled, solvents evaporated under reduced pressure and 
the residue chromatographed over silica gel. Elution with ben- 
zene: ethyl acetate (7:3) gave 0.11 g of unchanged (30 ) and 
0.410 g (70%) of (31) which was crystallised from ethyl 
acetate i hexane, mp 94-95 C (lit. mp 95 C) . 

ir * v (KBr) cm" 1 : 3310 (NH) , 1750 (-COOMe), 1730 

max 

( > 0 = 0 ) . 
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nmr : 6 (CDCl^), 60 MHz: 3.85 (s + d, 5 H, -C00CH 3 , 

methylene proton) , 5.15 (m, 1 H, tert-proton) , 
7.05-8.05 (m, 9 H, aromatic), 8.65 (br, 2 H, 

-NHCHO, -NHCOPh), 11.3 (br, 1 H, CHO) . 

m/z : 354 (M + ). 

Anal. Calcd. for C ig H 18 N 2 0 5 (Mol. wt. 354): 

C, 64.40; H, 5.08%. 

Found: C, 64.58; H, 5.12%. 

t 

XXI. Reaction of 4- Butyl Iodoxybenzene (1_) with N-Benzoyl 
Proline Methyl Ester (32) : Isolation of N-Benzoyl 
Glutamic Acid Dimethyl Ester (33) : 

A stirred solution of (32) (0.280 g, 1.2 mmol) in 

Chlorobenzene (15 ml) was admixed with (_l) (0.438 g, 1.5 mmol) 

refluxed for 5 h, cooled, solvents evaporated, the residue 
triturated with a solution of saturated NaHCO^ (30 ml) for 
3 h, extracted with ethyl acetate (3 x 20 ml), the ethyl 
acetate extracts combined, dried over anhydrous MgS0 4 , sol- 
vents evaporated and the residue (0.537 g) chromatographed 
over silica gel. Elution with hexane gave 0.291 g (75%) of 
(2) and with benzene: ethyl acetate (4:l) 0.155 g (56%) of 
unchanged (32) . 

The NaHCOg extract was cooled, filtered, acidified with 

2 N H,S0„. saturated with solid Nad and extracted with ethyl 

2 4 

ts on mi \ The ethvl acetate extracts were combined, 
acetate (3x20 ml). Tne ex - n * x 
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dried (MgSC^), solvents evaporated, the acidic residue (0.050 g) 
esterified with diazomethane and chromatographed over silica 
gel. Elution with benzene : ethyl acetate (7:3) gave 0.044 g 
( 14,4) of ( 33 ) as a pale yellow thick syrup. 

lr : V max ( neat ) cm -1 : 3340 (br, NH), 1660 (C=0) . 

nmr : 6(CDC1 3 ), 60 MHz: 2.04 (m, 4 H, -CH 2 CH 2 COOMe) , 

3.61 (s, 3 H, 7-COOCH 3 ), 3.73 (s, 3 H, a -C00CH 3 ) , 

4.82 (m, 1 H, -CH-), 7.12-7.52 (m, 5 H, aromatic). 

m/z t 279 (M + ), 220 (M + - COOMe) . 

XXII. Reaction of Phenyl Alanine Methyl Ester (35) with 

4- t Butyl Iodoxybenzene (l) : Isolation of (3_S) and ( 37 ) : 

a. Phe-OMe.HCl: 

Thionyl chloride (4.9 ml, 67 mmol), in drops, followed 
by L-phenyl alanine (9 g, 54.5 mmol) was added to stirred and 
ice-cooled anhydrous methanol (43.5 ml). The mixture was allowed 
to attain rt, refluxed for 2 h, the clear solution evaporated 
and the residue on crystallisation from absolute methanol -dry 
ether gave 10.5 g (89%) of Phe-OMe.HCl as white needles, 
mp 159-161°C (lit. 60 mp 160°C) . 

b. Phe-OMet 

Triethylamine (1.8 ml, 13 mmol) was added, in drops to 
an ice-cooled and stirred solution of Phe-OMe.HCl (2.15 g. 
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10 mmol) in dry CH 2 C1 2 (20 ml) left aside for 0.5 h, washed 
with cold water (2 x25 ml), dried (MgSO^) , solvents evaporated 
and the resulting Phe-OMe (35) 0.96 g (54%) used as such in 
the following reaction. 

c. Reaction of (3_5) with (l): 

A stirred solution of (35) (0.242 g, 1.3 mmol) in chlo- 

robenzene (15 ml) was admixed with (1) (0.584 g, 2 mmol) ref- 
luxed for 5 h, cooled, solvents evaporated in vacuo and the 
residue (0.612 g ) chromatographed over silica gel. Elution 
with hexane gave 0.400 g (77%) of (2_) and with benzene: ethyl 
acetate (9:1) 0.135 g (32%) of (37 ) . 

ir t V (neat) cm -1 : 1740 (ester) . 

luaX 

nmr : 6(CDC1 3 ), 60 MHz: 3.76 (s, 3 H, COOCf^), 3.8 (s, 

3 H, C00CH 3 ), 6.87-7.68 (m, 10 H, aromatic). 

m/z s 348 (M + ) . 

Further elution with benzene: ethyl acetate (7:3) gave 

0.105 g (25%) of (36) . 

ir tv (neat) cm" 1 :. 3440 (NH),'l730 (br, ester). 

ftl&X 

nmr : 6 (CDC1 3 ), 60 MHz: 3.73 (s, 6 H, 2xCOOCH 3 ), 7.2 

(m , 10 H, aromatic), 8.2 (br, 1 H, NH) . 

m/z : 335 (M + ), 336 (M + + l) . 
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XXIII ‘ - Reaction o£ Tryptophan Methyl Ester (38) with 4- t Butyl 
Iodoxybenzene (l) ; isolation of ( 39 ) : 

a. Trp-OMe.HCl: 

To stirred and ice-salt cooled dry MeOH (25 ml) was added, 
in drops, S0C1 2 (1.9 ml, 26 mmol) followed by L-tryptophan (2 g, 
12.5 mmol). The reaction mixture was left stirred for 4 h at 
-5 to 0 C, then left stirred at rt overnight, concentrated to 
~ 5 ml in vacuo , dry ether gradually added until precipitate- 
just appeared, cooled till precipitation was complete, filter- 
ed and dried to yield 1.93 g (61%) to Trp-OMe.HCl, mp 213°C 
(lit. 61 mp 213. 5-214°C) . 

b. Trp-OMet 

Triethylamine (3.6 ml, 26 mmol) was added, in drops, to 
a stirred and ice-cooled solution of Trp-OMe.HCl (5 g, 20 mmol) 
in dry CH 2 Cl 2 (70 ml), left aside for 0.5 h, washed with cold 
water (3 x 15 ml), dried (MgS0 4 ) and evaporated to yield 3.3 g 
(75%) of Trp-OMe which was used as such for the following 
experiment. 

c. Reaction of (36) with (l ) : 

A stirred solution of (38) (1.09 g, 5 mmol) in dry benzene 
(30 ml) was admixed with (1) (0.730 g, 2.5 mmol), left stirred 
for 1.5 h, filtered, washed with benzene (20 ml), solvents 
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evaporated and the residue (1.32 g) chromatographed on silica 
gel. Elution with hexane gave 0.460 g (71%) of (2) and with 
benzene: ethyl acetate (4:1) 0.556 g (61%) of 09) which on crys- 
tallization from benzene: hexane gave reddish crystals, mp 197°C. 

lr * V max (KBr) cm_1 * 3300 (br, MH) , 1670 (br, C=0) . 

nmr : 6(CDC1 3 ), 60 MHz: 7.08-7.49 (m, 2 H, aromatic), 

7.58 (s, 1 H), 7.88-8.18 (m + d, 2 H) , 8.78 (m, 

1 H, NH) . 

m/z : 185 (M + ) . 

XXIV. Reaction of Benzylamine with 4-^Butyl Iodobenzene Dichlo- 
ride (3j : Isolation of Benzaldehyde : 

A stirred solution of benzylamine (0.107 g, 1 mmol) in 
dry benzene (8 ml) was admixed with (.3) (0.331 g, 1 mmol), ref- 
luxed for 10 h, cooled, filtered, washed with benzene (20 ml), 
solvents evaporated in vacuo and the residue chromatographed 
over silica gel. Elution with hexane gave 0.163 g (63%) of (2) 

and with hexane: benzene (3:7) 0.070 g (67%) of benzaldehyde 

o 62 

characterised as its 2:4-DNP derivative, mp 238-240 C (lit. 

mp 24 1°C) . 

XXV. Reaction of Cyclohexanone Oxime with 4- Butyl Iodobenzene 
Dichloride (3): Isolation of C yclohexanone: 

A solution of (3) (0.331 g, 1 nmol) and cyclohexanone 

oxime (0.1X3 g, 1 m*L) benzene (1 ° ml) was beflbxed 
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for 8 h, cooled, solvents evaporated in vacuo and the residue 
chromatographed over silica gel. Elution with hexane gave 
0.240 g (93%) of (2) and with hexane : benzene (1:1) 0.085 g 
(87%) of cyclohexanone characterised as its 2:4-DNP derivative, 
mp 157 C whose ir was identical to that of an authentic deri- 
vative (lit. 62 mp I 61 °c). 

XXVI * j?- eactlon of Camphene with 4- t Butyl Iodobenzene Diehl o- 

ride (3j ; 

A solution of (3_) (0.331 g, 1 mmol) and camphene (0.136 g, 
1 mmol) in dry benzene (10 ml) was refluxed for 10 h, cooled, 
solvents evaporated in vacuo and the residue chromatographed on 
silica gel. Elution with hexane gave 0.190 g (74%) of (2_) and 
with hexane s benzene (4:1) 0.095 g (46%) of a mixture of chlori- 
nated products (tic, nmr) . 

XXVII. Preparation of 2-Nitroethyl Phenyl Sulfoxide (41) : 

a . 2- Bromoethanol x 

A mixture of ethylene glycol (60 g, 50 ml, 960 mmol) and 
HBr (48%, 50 ml) was refluxed for 8 h (bath temp. 140°) concen- 
trated by removal of 50 ml distillate, neutralised with sodium 
carbonate, saturated with sodium sulfate, extracted with ether, 

dried (MgSOJ , solvents evaporated and the residue on distilla- 

** o 63 

tion gave 36 g (30%) of 2 -bromoethanol, bp 149-150 C (lit. 

bp 149-150°C). 
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b. Phenyl 2 -hydroxy ethyl Sulfide: 

A mixture of 2-bromoethanol (63 g, 500 mmol), thipphenol 
(55 g, 500 mmol) and aqueous NaOH (20%, 120 ml) was refluxed 
for 1 h, cooled, the oily layer separated, the aqueous layer 
extracted with chloroform, combined with the oily layer, dried 
(MgS0 4 ), solvents evaporated and the residue distilled to give 
68 g (88%) of phenyl 2-hydroxy ethyl sulfide, bp 135°C/8 torr 
(lit. 64 bp 141°c/ll torr). 

nmr : 6(CC1 4 ), 60 MHz: 2.93 (t, 2 H, PhSCH 2 ), 3.11-3.81 

(m, 2 H, CH 2 0H) , 7.16 (s, 5 H, aromatic). 

c. 2-Bromoethyl Phenyl Sulfide (43): 

Phosphorous tribromide (1.7 ml, 10 mmol) was added in 
drops, over 0.5 h, to a stirred solution of phenyl 2-hydroxy- 
ethyl sulfide (4.62 g, 30 mmol), left stirred for 1 h, poured 
on to cold water, extracted with ether, dried (MgSQ 4 ) , solvents 
evaporated and the residue on distillation gave 5.50 g (81%) of 
(±3), bp 120-122°C/0. 05 torr. 

nmr x 6 (CDCl^)* 60 MHz: 3.2-3. 5 (m, 4 H, SCH 2 CH 2 Br), 

7.21 (s, 5 H, aromatic). 

d. 2-Nitroethyl Phenyl Sulfide (42_) : 

To a stirred solution of dry sodium nitrite (1.24 g, 

18 mmol) in dry DMSO (20 ml) was added, in drops, over 0.5 h, 
a solution of (43) (0.8 g, 3.6 mmol) in dry DMSO (15 ml). The 
reaction mixture was left stirred for 5 h at rt, poured on to 
cold water (40 ml), extracted with ether, dried (Na 2 S0 4 ) , 
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solvents evaporated and the residue (0.715 g) chromatographed 

silica gel. Elution with hexane: benzene (7:3) gave 0.480 g 
(72%) of (42) identical with that of an authentic sample. 

lr ** \ax {neat) cm_1 1 1550 , 1370 (-NO,,) . 

nmr 1 6(CDC1 3>^ 60 «H Z : 3.3 (t, 2 H, PhSCH,,) , 4.37 (t, 

2 H, CH 2 N0 2 ), 7.22 (m, 5 H, aromatic). 

e. 2-Nitroethyl Phenyl Sulfoxide (41): 

A mixture of (42) (0.183 g, 1 mmol), U) (0.292 g, 1 mmol), 
dry benzene do ml), and TEA (0.2 ml) was left stirred at rt 
(~30°C) overnight, filtered, washed with dry benzene, solvents 
evaporated and the residue (0.195 g) chromatographed on silica 
gel. Elution with benzene : ethyl acetate (4:1) gave 0.190 g 
(96%) of (41), mp 64°C identical to that of an authentic 
sample. 66 

ir s ’'max (KBr ^ cm_1: 1570 ' l 380 (-N0 2 ), 1045 (SO). 

nmr * 6(CDC1 3 ), 60 MHz: 3.43 (m, 2 H, PhS0CH 2 ), 4.69 
(m, 2 H, -CH 2 N02)/ 7.59 (s, 5 H, aromatic). 

XXVIII. Preparation of 2-Chloroethyl Phenyl Sulphide (45): 

Thionyl chloride (37.5 g, 23 ml, 315 mmol) was added in 
drops, over 0.5 h, to a stirred solution of 2-hydroxyethyl 
phenyl sulfide (28 g, 180 mmol) in dry chloroform (50 ml). The 
reaction mixture was left stirred for 0.5 h, evaporated and the 
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residue distilled to give 30 g (96%) of 45), bp 114°c/2 torr 
(lit . 64 bp 107°C/7 torr). 

nmr : 6(CDC1 3 ), 60 MHz: 2.9-3.22 (m, 2 H, SCH 2 ), 3.4- 

3.7 (m, 2 H, CH 2 C1), 7.2 (s, 5 H, aromatic). 

XXIX. Reaction of 2-Bromoethyl Phenyl Sulfide (43) with AgNO^ 
in Ether: Isolation of (42.) and (44) : 

To stirred silver nitrite (3.08 g, 20 mmol) in dry ether 
(25 ml) at rt was added, in drops, over 1 h (43) (2.17 g, 

10 mmol). The reaction mixture was left stirred for 14 h, 
filtered, washed with ether, the combined filtrates evaporated 
and the residue chromatographed over silica gel. Elution with 
hexane : benzene (3:1) gave 1.15 g (63%) of (42) and 0.35 g (20%) 

(44) • 

42: ir : v (neat) cm 1550, 1370 (-NO-). 

— max 

nmr : 6 (CDCl-j), 60 MHz: 3.3 (t, 2 H, PhSCH 2 ) , 4.37 

(t, 2 H, CH 2 N0 2 ), 7.22 (m, 5 H, aromatic). 

44: ir : v (neat) cm 1640, 1280 (0N=0) . 

m k mm mrn IDO-X 

: 5 (CDC1 3 ), 60 MHz: 3.06 (t, 2.H, PhSCH 2 ) • 4.45 

(t, 2 H, CH 2 0N=O), 7.25 (s, 5 H, aromatic). 


nmr 
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XXX * Reaction of 2- Chloroethyl Phenyl Sulfide (45) with AgN0 2 
in Ether: Isolati on of (42) and (44) s 

To a stirred and cooled («'»1Q°) suspension of silver 
nitrite (1.54 g, 10 mmol) in dry ether (2D ml) was added in 
drops # (45) (0.86 g, 5 mmol) over 0.5 h. The reaction mixture 
was left stirred for 38 h at rt, filtered, washed with ether, 
the combined filtrates evaporated and the residue chromatograph- 
ed over silica gel. Elution with hexane: benzene (3:1) gave 
0.356 g (39%) (42) and 0.530 g (58%) of (44). 

XXXI. Reaction of 2-Bromoethyl Phenyl Sulfide (43) with NaNC 2 
in DMF: Isolation of ( 42): : 

To a stirred solution of sodium nitrite (1.24 g, 18 mmol) 
in dry DMF (20 ml) was added, in drops, over 0.5 h, a solution 
of (4_3) (0.8 g, 3.6 mmol) in dry DMF (15 ml). The reaction 
mixture was left stirred for 24 h at rt, poured on to cold water 
(40 ml), extracted with ether, dried (Na 2 SC> 4 ), solvents evapora- 
ted in vacuo and the residue (0.548 g) chromatographed on silica 
gel. Elution with hexane: benzene (7:3) gave 0.416 g (62%) of 
(42) . 

XXXII. Attempted Isomerization (44) to (42) in DMSO: 

A solution of (44) (0.1 g ) in dry DMSO (10 ml) was left 
stirred overnight at rt; tlo showed no (42) was formed. 


170 


p. references 

1* A Var Voglis, Synthesis, 709 (1984); D.D. Tanner and G.C. 
Gidley, J. Org. Chem., 33, 38 (1968). 

2. J.R. Campbell, J.K.N. Jones and S. Wolfe, Can. j. Chem., 

44, 2339 (1966). 

3. A. Debon, S. Masson and A. Thuillier, Bull. Soc., 2493 

(1975) . 

4. D.F. Shellhamer and M.L. Oakes, J. Org. chem., 43, 1316 

(1978) . 

5. D«F. Shellhamer, D.B. McKee and C.T. Leach, J. Org. Chem., 
41, 1972 (1976). 

6. M.L. Poutsma, J. Am. Chem. Soc. , 87, 4293 (1965). 

7. S. Masson and A. Thillier, Compt. Rend, c, 264 (14) 1189 
(1967) (Fr.) , Chem. Abstr., 67, 53756r. 

8 . S.J. Cristol, F.R. Stermitz and P.S. Ramey, J. Am. Chem. 
Soc., 78, 4939 (1956). 

9. C.J. Berg and E.S. Wallis, J. Biol. Chem., 162 , 683 (1946); 
D.H.R. Barton and E. Miller, J. Am.' Chem. Soc., 7_2, 370 

(1950). 

10. D.F. Banks, E.S. Huyser and J. Kleinberg, J. Org. Chem., 

29, 3692 (1964). 

11. A. Arase, M. Hoshi and Y. Masuda, Chem. Lett., 961 (1979). 

12. R. Breslow, J.A. Dale, P. Kalicky, S.Y. Liu and W.N. 
Washburn, J. Am. Chem. Soc. , 94 , 3276 (1972) . 

13. R. Breslow, R.J. Corcoran and B.B. Snider, J. Am. Chem. 
Soc., 96, 6791 (1974). 

14. R. Breslow, R.J. Corcoran and B.B. Snider, J. Am. Chem. 
SOC., 97, 6580 (1975). 



172 


T. Takata, R. Tajima and W . Ando, j. Org. Chem., 48, 4764 
(1983). 

32. P. Mueller and j. Godoy, Helv. Chim. Acta, 66, 1790 (1983). 1 

33. P. Mueller and j. Godoy, Tetrahedron Lett., 23, 3661 (1982). ! 

34. P. Mueller and j. Godoy, Helv. Chim. Acta, 64, 2531 (1981). 

35. W. Ando, R. Tajima and T. Takata, Tetrahedron Lett., 23, 1685; 

(1982). 

■ j 

36. A.S. Radhakrishna, C.G. Rao, R.k. Verma, B.B. Singh and. 

S.P. Bhatnagar, Synthesis, 7, 538 (1983). j 

37. T. Kappe, G. Korbuly and E. Pongratz, Z. Naturforsch. B: | 

Anorg. Chem. Org. Chem., 38B(3) , 398 (1983), Ger.; Chem. 
Abstr., 99, 5355 If. j 

38. D.C. Heimbirook and S.G. Sligar, Biochem. Biophys. Res. 

Commun., 99(2) , 530 (1981); Chem. Abstr., 94, I52562p. 

39. K.H. Pausacker, J. Chem. Soc., 1989 (1953). 

40. K.H. Pausacker and J.G. Scroggie, J. Chem. soc., 4499 (1954). 

j 

: 

41. S. Ranganathan, D. Ranganathan and P.V. Ramachandran, Tetra- 

; 

hedron, 40, 3145 (1984). 

— 

42. K.K. Verma and A. Jain, Talanta, 32(3) , 238 (1985). 

43. 1. 1. Maletina, N.V. Kondratenko, V.V. Orda and L.M. 

Yagupol 'skii, Zh. Org. Khim., 14 (4) , 873 (1978) (Russ.); 

Chem. Abstr., 89, 23855j. 

44. L.M. Yagupol 'skii, 1. 1. Maletina, N.V. Kondratenko and 
V.V. Orda, Synthesis, 8, 574 (1977). 

45. p.G. Nield, J. Chem. Soc., 2278 (1964); J.W. Wilt and 
V.P. Abegg, J. Org. Chem., 33., 923 (1968). 

46. D.R.R. Barton and B.J. Willis, J. Chem. Soc., Perkin Trans. I, 
309 (1972). 



173 


47. A Text Book of Practical Organic Chemistry, Longmans (1955), ; 
A. I. Vogel, p. 199 . 

48. s.D. Koch. R.M. Kliss, D.V. Lopiekes and R.J. wineiaan, j 

J. Org. Chem., 26, 3122 (1961). 

49. A Text Book of Practical Organic Chemistry, Longmans (1955), 

A-.I. Vogel, p. 346. ! 

50. A Text Book of Practical Organic Chemistry, Longmans 

(1955), A. I. Vogel, p. 714. j 

51. E.H. Huntress, E.B. Hershberg and I.S. Cliff, j. Am. Chem. 
Soc., 53, 2722 (1931). 

52. R. Wendl and J. Lalonde, Org. Synth. Coll. Vol . IV, p. 757. 

53. H.W. Underwood Jr. and W.L. Walsh, Org. Synth. Coll. Vol. II, | 

]p * 5 53 % | 

■ I 

* 

54. R. Griegee and P. Gunther, Ber., 96, 1564 (1963). 

55. S. Bamezai, Ph.D. Thesis, p. 144 (1984), Kanpur University, 

Kanpur, India. j 

- , j 

56. M. Brenner and W. Huber, Helv. Chim. Acta, 36, 1109 (1953) . 

57. J.I. Harris and J.S. Fruton, J. Biol. Chem., 191 , 143 
(1951). 

58. S. Bamezai, Ph.D. Thesis, p. 167 (1984), Kanpur University, 
Kanpur, India. 

59. S. Ranganathan, D. Ranganathan and D. Bhattacharyya 
(unpublished) . 

60. R.A . Boissonnas, St. Guttmann, P.A. Jaquenoud and J.P. 

Waller, Helv. Chim. Acta, 39_, 1421 (1956). 

61. H. Peter, M. Brugger, J. Shreiber and A. Eschenmoser, Helv. 
Chim. Acta, 46, 577 (1963), R.A. Boissonnas, S. Guttmann, 

R.L. Huguenin, P.A. Jaquenoud and E. Sandrin, Helv. Chim. 
Acta, 41, 1867 (1958). 



174 


62. 

63. 

64. 


65. 

66 . 


67. 


68 , 


Text Book of Practical Organic Chemistry, Longmans (1955) 
A. I. Vogel, p. 346. 

Beil, l, 338. 

W.R. Kirner and G.H. Richter, j. Am. Chem. Soc., 51, 3409 

(1929); g.D. Buckley, J.L. Charlish and J.D. Rose, J. Chem. 
Soc., 1514 (1947) # 

Org. Synth. Coll. vd. 3, 370 (1955). 

D. Ranganathan, s. Ranganathan, s. Bamezai, s. Mehrotra 

and P.V. Ramachandran, Journal of Chemical Research (s) 
p. 78 (1983). 

D.F. Detar, R. Silverstein and F.F. Royer Jr., j. Am. chem. 

Soc *' §£' 1024 (1966); F.H.C. Stewart, Australian J. Chem., 
18, 1699 (1965). 

M. Ochiai, T. Ukita, Y. Nagao and E. Fujita, j. chem. soc., 
Chem. Commun., 15, 1007 (1984). 


69. C. A. Dekker, S.P. Taylor (Jr.) and J.S. Fruton, J. Biol. 
Chem., 180 , 155 (1949); Schotten— Baumann conditions, M. 
Brenner and R.W. Pfister, Helv. Chim. Acta, .34, 2085 (1951). 

70. B. Hegedus, Helv. Chim. Acta, 31_, 737 (1948). 

71. H. Schwarz, F.M. Bumpus and I.H. Page, J. Am. Chem. Soc., 

79), 5697 (1957), Schotten- Baumann conditions 


72. R.W, Holley and E. Sondheimer, J. Am. Chem. Soc., 76, 1326 

(1954). ~~ 

73. E, Abderhalden and M. Kempe, 2. Physiol. Chem,,. 52, 207 
(1907) S. Guttmann and R.A. Boissonnas, Helv. Chim. Acta, 
41 , 1852 (1852 (1958), Schotten- Baumann conditions. 

74. B.F. Erl anger, H. Sachs and E. Brand, J. Am. Chem. Soc., - 
76, 1806 (1954), Schotten-Baumann conditions. 


